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ABSTRACT 
 
This study compared traditional community analysis with stable-isotope trophic analysis to define process-
based trophic elements of community structure in the eastern Gulf of Mexico, and developed a predictive 
capability regarding changes to fish community structure that would be expected from increasing 
eutrophication. Specifically, it used an existing trawl survey program (SEAMAP) to compare invertebrate 
herbivore (sponge and sea urchin) isotopes with groundfish isotopes, and then compared the resulting 
spatial patterns with spatial variation in community structure, as identified by cluster analysis. The 
comparison was applied to seven NMFS survey zones that extended offshore from the Caloosahatchee 
River, FL northwest to Mobile Bay, AL. Isotopic patterns were consistent with the presence of an 
oligotrophic-eutrophic spatial gradient in this region. δ15N values increased in the northwestward direction 
in herbivores and in each of the 17 fish species examined. In the southern NMFS survey zones, δ13C was 
elevated in shallow depths for individual fish species, but not in herbivores, indicating a higher proportion 
of benthically derived biomass contributed to the biomass of fish in the shallow parts of the southern NMFS 
zones. Fish community analysis using SIMPROF created a similar pattern, with distinct nearshore and 
offshore communities and also a northwesterly community transition. Among the 17 fish species, five 
appeared to have obligate dependence on either benthic or planktonic basal resources, while twelve 
species appeared to be have facultative relationships. Impairment of current water-quality (nutrients, 
turbidity, light transmission, chlorophyll a) is expected to lead to reductions in the abundance of both 
obligate and facultative benthic-dependent fishes. 
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CHAPTER ONE: 
INTRODUCTION 
 
Over the last several decades, there have been significant changes to aquatic ecosystems on a 
global level due to the influences of eutrophication, land-cover changes (deforestation, increased 
agriculture, and increased urban populations), and freshwater diversions and impoundments for water 
supply or hydroelectric power.  Many of these changes impact coastal water quality by changing the light 
environment, in some scenarios by increasing light attenuation within the water column and potentially 
changing the trophic structure of aquatic communities.  Aquatic communities are trophically oriented to the 
specific types of primary producers that support them (basal resources), with species at lower trophic 
positions being most strongly linked to planktonic or benthic basal resources and biomass pathways.  Small, 
pelagic consumers tend to rely on plankton-based pathways, benthic consumers tend to rely on benthic 
pathways, and larger predators tend to exploit both pathways (if both are available) at different times 
(Vander Zanden and Rasmussen 1999, Vander Zanden and Vadeboncoeur 2002, Rooney et al. 2006, 
Deines et al. 2015).   
Coastal water-quality changes, such as changes associated with anthropogenic eutrophication, 
can alter the ratio of pelagic-to-demersal species in regional fisheries harvests, with demersal species 
disappearing from catches in the most eutrophic waters (Caddy 1993).  Surface plankton blooms that are 
associated with eutrophication limit light penetration in the water column, reducing benthic algal production 
even in shallow environments, as sufficient light may no longer reach the ocean floor.  This change in basal-
resource dependence is evident in the latter half of the 20th century, as global fisheries yields have shifted 
distinctly towards phytoplankton-dependent species, although some of these observed changes could be 
due to improved fishing technologies or market demand (Caddy and Garibaldi 2000).  Continual changes 
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in the distribution of available basal resources over time could lead to species redistribution or the overall 
decline of species with both obligate and facultative basal-resource dependence (Rooney et al. 2006).  
The eastern Gulf of Mexico represents a trophic-state gradient, with eutrophic dead zones forming 
near the mouth of the Mississippi River to the northwest (Rabalais et al. 1996, Rabalais et al. 2009, Wei et 
al. 2012), and oligotrophic coral reefs occurring in areas such as the Florida Keys to the southeast.  The 
extent of the hypoxic zone depends on Mississippi River flows, with smaller hypoxic areas (<5,000 km2) 
occurring during low flows and larger hypoxic areas (>15,000 km2) occurring during high flows (Rabalais et 
al. 2007).  It is not known if the trophic-state gradient in the eastern Gulf is stable or changing over time; it 
could be changing at a decadal scale that would be difficult to detect.   
Satellite data measuring shallow chlorophyll distributions and glider profiles measuring chlorophyll 
at depth indicate areas of potential nutrient enrichment (Figures 1 and 2).  Coastal waters are influenced 
by nutrient runoff from terrestrial environments, as indicated by the orange and red colors in Figure 1.  
However, images from satellites provide information on surface concentrations of chlorophyll only, and do 
not reveal patterns at depth.  Subsurface glider fluorometry (Figure 2) may capture areas of high chlorophyll 
concentrations that are not observed by satellites.  The vertical (deep) chlorophyll maximum of the Gulf of 
Mexico often occurs at 35-50 m depth, where the combination of access to downwelling light and deep 
nutrients is optimized.  The deep chlorophyll maximum may upwell laterally onto the West Florida Shelf, 
sometimes traversing the entire shelf to the shoreline in some areas (Weisberg et al. 2000). When 
considering basal resources, both the shallow and deep chlorophyll distributions need to be considered. 
The present study examines variation in fish community structure along the trophic-state gradient 
represented by Figure 1. Fish communities have traditionally been described using clustering algorithms 
that identify groups with relatively high compositional similarity (e.g., Clarke et al. 2008), yet it should be 
recognized that  
“. . . if an assemblage of species is to be regarded as possessing organization or structure, 
it is the form and strengths of interactions among the species that must produce that 
structure” (Wellborn et al. 1996), 
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and also that fish abundance and production are closely tied to the basal resources that support them, and 
are thus tied to the factors that affect their basal resources (Deines et al. 2015). Clustering algorithms may 
detect differences in community structure, but they typically do not provide non-correlative explanations for 
differences in community structure.   
The present research addresses this issue by combining a community-level trophic analysis with 
conventional, clustering-based community analysis. The trophic analysis is based on stable-isotope (δ13C 
and δ15N) comparisons of invertebrate herbivores and predatory fish at the same spatial scale as a 
conventional community analysis (Davenport and Bax 2002).  δ13C is useful for basal resource detection 
(France 1995, Vander Zanden and Vadeboncoeur 2002, Radabaugh et al. 2014), while δ15N provides 
information on nutrient sources and organism trophic positions (Minagawa and Wada 1984, Michener and 
Schell 1994, O’Reilly et al. 2002).  Benthic algae are generally enriched in δ13C by ~5‰ relative to 
planktonic algae, with mean values near -17 and -22‰, respectively, for coastal marine locations around 
the world (France 1995). In comparison, mean δ13C values estimated for the SEAMAP survey area are 
near -19.3‰ for benthic algae and -23.4‰ for phytoplankton (as particulate organic matter, Radabaugh 
and Peebles 2014). Assuming a trophic position of 4.0 for the fish and adding a 3.9‰ allowance for trophic 
fractionation (using δ13C fractionation of 1.3‰ per trophic step from McCutchan et al. 2003) adjusts the 
mean values to -15.4 and -19.5‰ (this is an approximation; determining the actual trophic positions and 
trophic fractionations for the collected fish was not attempted). The midpoint between these two mean 
values is -17.5‰, as shown in Figure 3. 
In predatory fish, δ15N often increases as mouth size (gape) increases, which allows larger prey to 
be ingested (Davenport and Bax 2002, Sweeting et al. 2007). There is a general trend of increasing trophic 
position with increasing fish size, but this trend is often violated by large consumers at relatively low trophic 
levels (e.g., basking shark and baleen whales) and small consumers feeding in food webs that have 
complex connectivities, which results in relatively high trophic levels at small predator sizes (Jennings et al. 
2001). 
The present stable-isotope analysis is linked to a recent study by Radabaugh et al. (2013), who 
selected three widely distributed fish species (Calamus proridens [Littlehead Porgy], Synodus foetens 
[Inshore Lizardfish], and Syacium papillosum [Dusky Flounder]) to create isotopic maps (isoscapes) for fish 
4 
 
muscle on the continental shelf of the eastern Gulf of Mexico. Each of the three selected species 
demonstrated significant isotopic trends, with δ15N increasing to the north and west and δ13C increasing in 
shallow waters near the Florida peninsula. Radabaugh and Peebles (2014) subsequently observed these 
trends in four additional species (Diplectrum formosum [Sand Perch], Haemulon aurolineatum [Tomtate 
Grunt], Haemulon plumierii [White Grunt], and Lagodon rhomboides [Pinfish]). However, it was not clear if 
these isotopic trends prevail throughout entire fish communities in the area or if they are limited to the 
selected species.  Moreover, if the Radabaugh et al. (2013) isotopic trends can be expected to occur in all 
or at least the majority of species in the area, then the isoscapes for the area can be applied more 
universally as a tool for investigating fish geographic and trophic histories (Wallace et al. 2014).   
The present study combines traditional community analysis with stable isotope-based analysis of 
trophic structure to define process-based trophic elements of community structure in the eastern Gulf of 
Mexico, which supports the development of a predictive capability regarding future changes to this 
ecosystem.  The study also addresses the question: Is there agreement between conventionally identified 
community structure and trophic pathways identified by stable isotopes? 
 
The following null hypotheses are investigated in this study: 
1. Gradients in δ13C or δ15N are not evident in the eastern Gulf of Mexico when the entire fish 
community is considered. 
2. Fish isoscapes result from spatial patterns in the molecular baseline (DIC and DIN) that are 
reflected at all trophic levels. 
3. All fish species in the study area have equal dependence on planktonic and benthic basal 
resources. 
4. Fish species found in the eastern Gulf of Mexico form a single community with no differences when 
location or depth are considered. 
5. Patterns in fish isoscapes and fish community structure, if present, do not agree spatially. 
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Tables and Figures 
 
Figure 1. Aqua MODIS Level-2 Ln transformed chlorophyll concentration average for 14 day period 
centered on June 15, 2009. 
 
 
Figure 2. USF glider Mission 51 deployed west of Tampa Bay Florida from October 13-27, 2010, 
measuring chlorophyll concentration at depth. Deep chlorophyll concentrations are not visible in Figure 1. 
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Figure 3. Diagram illustrating how differential δ13C fractionation of dissolved inorganic carbon (DIC) by 
different basal resources (phytoplankton and benthic algae) propagates to higher levels in the food web. 
This figure uses basal-resource values measured in the eastern Gulf of Mexico by Radabaugh and Peebles 
(2014) and the mean trophic fractionation value for muscle tissue provided by McCutchan et al. (2003). 
 
 
Figure 4. Diagram illustrating trophic fractionation based on dissolved inorganic nitrogen (DIN) with variable 
δ15N. DIN values in the eastern Gulf of Mexico were estimated from POM by Radabaugh et al. (2013); the 
mean trophic fractionation value for muscle tissue was provided by McCutchan et al. (2003). 
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CHAPTER TWO: 
METHODS 
 
Field Data Collection 
During July 2009, data were collected during two separate cruises in the eastern Gulf of Mexico 
along the west Florida shelf as part of shrimp and groundfish trawl surveys conducted by the Southeast 
Area Monitoring and Assessment Program (SEAMAP, Eldridge 1988).  The first cruise originated from 
Biloxi, Mississippi and extended from July 10th to July 19th, focusing on the panhandle area of Florida with 
fewer trawl deployments along the west coast of the Florida Peninsula.  The second cruise originated from 
St. Petersburg, Florida and extended from July 22nd to July 30th, with trawl deployments ranging from 
offshore of the Caloosahatchee River in the south northward to the Big Bend region, with limited additional 
trawl deployments offshore of the Florida Panhandle. Both cruises were conducted by the R/V Tommy 
Munro. 
The benthic trawls, which were deployed both inshore and offshore during day and night periods, 
collected data on the abundance and distribution of adult and sub-adult groundfishes and invertebrates in 
the eastern Gulf of Mexico.  Fish, sponge, and sea urchin samples were obtained from 12.8 m otter trawl 
deployments (4.1 cm stretched mesh) that followed standard SEAMAP protocols (SEDAR270RD-05).  
Trawl deployment locations (stations) and time of day were determined by a stratified-random sampling 
design according to the SEAMAP program for that sampling year. Bottom depths ranged from 8 to 96 m 
among stations. Each trawl was towed for approximately 30 minutes at each station. At each station, Secchi 
depth was recorded and vertical profiles for water temperature, salinity (as conductivity), dissolved oxygen 
(concentration and saturation), and chlorophyll a fluorescence were obtained using a Sea-Bird Electronics 
CTD with auxiliary sensors.  Total catch weight (kg) per trawl, total catch weight per species (to 0.01 g), 
and individual fish weight (every fifth individual, to 0.01 g), were recorded.  Standard lengths of up to 20 
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individuals for each species (except up to 200 individual grouper, snapper and penaeid shrimp species) 
were measured to the nearest mm.  Fish lengths were recorded using an electronic fish measuring board, 
and weights were measured using a Marel motion-compensated scale. 
The eastern Gulf of Mexico has been divided into ten statistical zones by the National Oceanic and 
Atmospheric Administration (NOAA) National Marine Fisheries Service (NMFS), with zone 1 in the Florida 
Keys representing more tropical/reef areas and a wide shelf range, and zone 10 in the Florida Panhandle 
bordering Alabama in more temperate waters and a narrow shelf range (Figure 5).  During July 2009, only 
zones 4-10 were sampled in accordance with the SEAMAP requirements for that sampling year. 
For stable-isotope sampling and analysis, the objective was to represent species that were 
numerically dominant from a survey-wide perspective.  Based on total species catch per individual trawl, 
muscle samples were obtained from three individuals of the three-to-five most abundant species.  Total fish 
lengths (“fish length” = “total length”) for each sample were recorded in centimeters, and a lateral muscle 
tissue sample (eyed side in flatfishes) between the dorsal and caudal fins of approximately 5-7 cm in length 
and 2-4 cm in width was collected from each fish sampled.  Trawl number, sample number, species name, 
total length, and any notes for each fish sampled were recorded.  Sponge tissue (3-6 cm in length and 4-8 
cm in width) and sea urchin samples (stomach and contents) were also collected for each trawl whenever 
possible (a maximum of 10 different sponge specimens for a single trawl and four urchins per species per 
trawl).  All samples were frozen at sea at -20°C, as this method was found to not impact δ15N and δ13C 
analysis (Dannheim et al. 2007), until processing was conducted during August and September 2009. 
 
Sample Processing and Isotopic Analysis 
Fish species with at least 20 samples collected (with the exception of Diplectrum formosum, n=19) 
were selected for isotope analysis.  Using a circular biopsy tool, muscle tissue was separated from skin, 
avoiding scales and visible blood vessels, in enough quantity to fill a 3 cm glass vial.  Lipid extraction was 
not performed prior to δ13C and δ15N analysis, as it was found to have little influence on δ15N measurements 
(Elsdon et al. 2010), and the C:N ratios of all fish muscle samples were below 3.5, indicating lipid content 
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was below 5% (Post et al. 2007).  Tissue was dried in a 55°C oven for at least 48 hours.  After drying, all 
samples were homogenized into a fine powder with a mortar and pestle, cleaning tools between samples.  
Once all samples were ground, they were weighed and placed in aluminum capsules in approximately one 
milligram subsamples for analysis.   
All samples were analyzed on an Elemental Analyzer (EA Carlo-Erba NA2500 Series II) coupled 
to a continuous flow Isotopic Ratio Mass Spectrometer (IRMS ThermoFinnigan Delta+XL) to obtain C:N, 
13C/12C, and 15N/14N data.  Lower quantification limits for C and N were 12 µg.  Calibration standards (NIST 
8573 and NIST 8574 L-glutamic acid Standard Reference Materials) were loaded approximately every 25 
samples to verify the accuracy of the carbon and nitrogen isotopes.  Each sample was run in duplicate to 
measure the precision of the 13C/12C, and 15N/14N measurements.  Any samples that were outside the 
calibration standards or had a high variance between replicates were re-analyzed.  The average of the 
replicates was used for all analyses except when these quality-control procedures indicated a replicate 
needed to be removed.  In those cases, only a single sample was used.  13C/12C is reported relative to the 
Pee Dee Belemnite (PDB) international standard and 15N/14N is reported relative to atmospheric N2 (Air), 
such that δA(‰) = [(Rsample / Rstandard) - 1] x 1000, where δA is either δ15N or δ13C and Rsample and Rstandard 
are the isotopic ratios (13C/12C or 15N/14N) of the sample and the standard, respectively. 
 
Statistical Analysis 
 Water Quality and Fish Communities 
Data for trawl deployment, trawl catch, and CTD profiles were obtained from Florida Fish and 
Wildlife Conservation Commission (FWC) after final entry and review.  GIS shapefiles for NMFS zones 1-
10 were also provided by FWC, and each trawl was assigned to a zone.  A water-column average for each 
successful CTD cast was calculated for analysis by NMFS zone.  One-way analysis of variance (ANOVAs) 
was used to describe differences in NMFS zones for each water quality parameter, including depth.   
Total catch data by trawl and species was determined from fish catch data and organized for further 
analysis in PRIMER 7 (PRIMER-E, Ivybridge, UK).  Trawl numbers were input as rows, fish species and 
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their catch numbers (abundance) were input as columns, and date, latitude, longitude, and NMFS zone 
were input as environmental factors in additional columns. 
Similarity profiles (SIMPROF, Clarke et al. 2008), which detects statistically significant structure 
within cluster analyses, were created using Bray-Curtis similarity of pairwise trawl-catch abundance 
(individuals caught per species in a standard trawl time of 30 minutes) that had been fourth-root 
transformed.  Heat maps (Wilkinson and Friendly 2009) were created for the 25 most abundant species 
(survey-wide), which were arranged (seriated) according to their SIMPROF groups (x-axis) and species 
associations (y-axis).  The resulting heat map combines R-mode (species associations) and Q-mode (trawl 
sample similarity) analyses into a single figure. SIMPROF groups were then mapped geographically using 
starting latitude and longitude of each trawl deployment. Seriated heat maps and geographic maps were 
created for SIMPROF groups and for supersets of SIMPROF groups (similarity at 24%, Clarke et al. 2008).  
 
Stable Isotopes 
The data obtained from FWC for each trawl deployment and the isotopic analysis results were 
incorporated into an Access database for further analysis.  Queries were created to obtain the average δ13C 
and δ15N results for each fish or primary consumer sample.  Additional queries linked the species 
information for each trawl sample, CTD summaries, NMFS zone number, starting and ending trawl depth 
(average depth calculated), starting and ending trawl latitude and longitude, fish total length, and δ13C and 
δ15N results.  A combined-results query was used in the subsequent analysis.  Statistical data analyses 
were conducted using Statistica (version 12.6, Dell Software). 
For fish isotopes, linear regressions between δ15N and total length and δ13C and fish total length 
were conducted for individual species to determine if fish length was an isotopic covariate. Analysis of 
covariance (ANCOVA) was the analytical method used in most statistical comparisons. Prior to inclusion in 
ANCOVA, trawl fishing depths were binned into five, 20 m zones (zone 1: <20.0 m; zone 2: 20.1-40.0 m; 
zone 3: 40.1-60.0 m; zone 4: 60.1-80.0 m; and zone 5: 80.1-100.0 m).  To compare fish isotopes among 
NMFS zones and depth zones, ANCOVA was performed on all fish grouped together and for individual 
species, with either NMFS zone or depth zone serving as the primary factor and fish length serving as a 
11 
 
covariate.  For invertebrate herbivores, which do not have trophic relationships with individual size (i.e., all 
individuals are at trophic position 2.0 regardless of individual size), ANOVA was used. Isotope data for 
Lytechinus variegatus (Green Sea Urchin), sponges, and all herbivores combined were compared using 
ANOVA to determine if there were differences among NMFS or depth zones for primary consumers. 
Isotopic variation with depth was also compared within individual NMFS zones for all fish and herbivores 
combined, as well as for individual species that occurred in more than one depth zone. 
All multiple sample comparisons were represented graphically by plots of means with 95% 
confidence intervals. Bonferroni multiple comparisons were used in a post-hoc analysis to identify 
significant differences among NMFS zones and depth zones; this procedure reduces the probability of 
encountering type 1 error (i.e., false detection of a difference that is not actually present).   
 
Tables and Figures 
Figure 5. Map of the ten aggregated statistical zones as determined by the NOAA National Marine Fisheries 
Service (NMFS). Only zones 4-10 were sampled during the July 2009 cruises reported here. 
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CHAPTER THREE: 
RESULTS 
 
Water Quality 
There were significant differences among NMFS zones for each water-quality parameter examined 
(Table 1), but the strength of the differences varied by parameter.  Average trawl depth was shallower in 
zone 7 and deeper in zones 4, 6, and 9 (Figure 6, Bonferroni multiple range test, p < 0.05).  Average water 
temperature was significantly higher in the more southern zones (4-7), as indicated in Figure 7 (Bonferroni 
multiple range test, p < 0.05).  Salinity (Figure 8) was highest in zone 4 and lowest in zone 8 (Bonferroni 
multiple range test, p < 0.05).  Dissolved oxygen concentration had a wide range of values in zone 4, and 
very little fluctuation in zones 5 and 7 (Figure 9, Bonferroni multiple range test, p < 0.05).  Water-column 
chlorophyll a fluorescence had the greatest variability and the highest mean value in zone 10 (Figure 10, 
Bonferroni multiple range test, p < 0.05). 
 
Community Structure 
The total number of fish caught was 65,191, with Lagodon rhomboides (Pinfish) having the highest 
catch number (8,405).  The 17 species used in isotopic analysis were each within the 28 most abundant 
species in the catch (Table 2), comprising 55% of the total catch by number.  While L. rhomboides may 
have dominated overall catch numbers, this species was not necessarily the most abundant species within 
individual trawls.  Syacium papillosum was usually in the top five most abundant species in each trawl and 
also had the highest encounter frequency (Table 2).  The entire catch is presented as number and percent 
of catch in Table A1 of Appendix A. 
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SIMPROF analysis produced 35 community groups (Figures 11 and 12), with multiple community 
groups occurring within each NMFS zone and few apparent spatial trends (Figure 13). There was 
substantial seriation (diagonal organization) evident in the seriated heat map (Figure 12).  SIMPROF group 
ai included the largest number of trawl samples and consisted mainly of abundant species that occupy 
unstructured bottom (Diplectrum formosum, Synodus foetens, and Syacium papillosum). This community 
was primarily located at intermediate depths in NMFS zones 7-10 (Figures 12 and 13, note that intermediate 
depths are close to shore in the western panhandle).  SIMPROF group b had large catches of the 
zooplanktivores Chloroscombrus chrysurus (Atlantic Bumper), Decapterus punctatus (Round Scad), and 
Sardinella aurita (Spanish Sardine), and was primarily located in shallow waters of the panhandle (NMFS 
zones 7-10), but also occurred once within NMFS zones 5 and 6.  Group a consisted of a single trawl 
sample that was compositionally similar to group b, except for its relatively large catch of Arius felis 
(Hardhead Catfish). Group c consisted of two trawl samples from the western panhandle that contained 
various benthic species that are characteristic of intermediate depths (Figure 12).  
Because the initial SIMPROF analysis produced an excessive number of groups (35), a slice was 
made in the dendrogram at the 24% similarity level, preserving the four SIMPROF groups discussed above 
(a, b, c and ai) and creating two large SIMPROF supersets d and e (Figures 14 and 15); note that group ai 
is re-designated as group f in these figures).  The slice was made immediately above group b, which had 
the lowest significant similarity level among all SIMPROF groups, thereby avoiding subdivision of any 
SIMPROF group (Clarke et al. 2008).  
The 24% community map revealed differences in community groupings for panhandle versus 
peninsular trawls and also for shallow versus deep trawl depths within each NMFS zone (Figure 15).  All 
NMFS zones had shallow and deep communities; with a single exception in NMFS zone 4, SIMPROF 
superset d consistently occurred on the outer continental shelf within each NMFS zone, where it was 
distinguished by relatively high abundances of Pristipomoides aquilonaris (Wenchman), Serranus 
notospilus (Saddle Bass), and by depth-related replacement of Prionotus martis (Barred Searobin) with 
Bellator militaris (Horned Searobin). 
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SIMPROF superset e was the largest community in the 24% slice. It was distinguished by the reef-
dwelling mesopredators Calamus arctifrons (Grass Porgy), H. plumierii (White Grunt), C. proridens 
(Littlehead Porgy), Lutjanus synagris (Lane Snapper), and H. aurolineatum (Tomtate).  Superset e 
dominated a large area of intermediate depths along the Florida peninsula, and was spatially intergraded 
with SIMPROF group f (formerly group ai) in waters offshore of the panhandle (Figure 15).  
 
Fish Length as an Isotopic Covariate 
There was a significant positive correlation between δ13C and fish length in nine species: 
Decapterus punctatus, Diplectrum formosum, H. aurolineatum, Lutjanus synagris, Saurida normani, 
Stenotomus caprinus, Syacium papillosum, Synodus foetens, and Synodus intermedius (linear regressions, 
slope p < 0.05, Table 3).   There were also significant positive correlations between δ15N and fish length for 
six species: Diplectrum formosum, E. lanceolatus, H. aurolineatum, H. plumierii, R. aurorubens, and 
Syacium papillosum (linear regressions, p < 0.05, Table 3).  Figures for isotope-length regressions are 
presented in Appendices B and C. Based on these results, ANCOVAs were used for analysis of δ13C and 
δ15N, with fish length as a covariate. 
 
Analysis of δ13C 
 Fish 
δ13C values for fish data were first analyzed using a factorial or two-way ANCOVA with NMFS and 
depth zones as categorical variables and fish length as a covariate.  When all fish were analyzed together, 
there were significant difference among both NMFS and depth zones (ANCOVA, F-ratio = 11.05 and 55.48, 
respectively, p < 0.0001).  In order to determine which individual fish species had significant differences 
among NMFS or depth zones, one-way ANCOVAs were used with the results presented below.  In more 
than one instance, Bonferroni multiple range tests were more conservative in determining significant 
differences among either NMFS or depth zones, indicating the means were more similar than the ANCOVA 
results indicated. Results for ANCOVA analyses by NMFS and depth zones are presented in Table 4.  While 
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fish were sampled in multiple NMFS zones, they may have only been collected from two depth zones, as 
indicated in Figures 16-33.  In almost all comparisons, there was a statistically significant difference in δ13C 
among NMFS zones, with the exception of two species (O. chrysoptera and Saurida normani).  For all fish 
species combined, NMFS zones 8 and 9 were significantly lower than 5 and 7 (Bonferroni multiple range 
test, p < 0.05, Figure 16a).  There were also significant differences in δ13C by depth zone, with δ13C 
becoming more negative with increasing depth zone when all fish species were combined (Table 4, Figure 
16b).  Depth zones 4 and 5 had significantly lower δ13C values than depth zones 1 and 2 (Bonferroni multiple 
range test, p < 0.05) for all fish combined. 
For individual species, there were more significant differences among NMFS zones than among 
depth zones (Table 4).  There were only significant differences in δ13C by depth zone for six fish species.  
Calamus proridens had lower δ13C values in NMFS zones 6 and 7 than in zone 4; however, there were no 
significant differences in depth zones (Figure 17).  Centropristis ocyurus had significantly lower δ13C values 
in NMFS zone 6 and higher values in zones 8 and 10, but there were no significant differences in depth 
zones (Figure 18).  Decapterus punctatus had significantly higher δ13C in NMFS zones 4 and 5 and the 
lowest δ13C in zone 7; depth zone 2 exhibited lower δ13C values than depth zone 1 (Figure 19).   Diplectrum 
formosum only had significant differences in NMFS zones with zone 9 being the most negative and zone 6 
the most positive (Figure 20).  While the results of ANCOVA analyses indicated there were significant 
differences in δ13C among NMFS and depth zones for E. lanceolatus, Bonferroni multiple range tests 
indicated no significant differences (p > 0.05, Figure 21). 
There were significant differences in δ13C for both NMFS and depth zones, with NMFS zones 8 
and 9 having more negative δ13C values along with depth zone 1 for H. aurolineatum (Figure 22).  For H. 
plumierii, there were only significant differences in NMFS zones with zone 7 having more negative δ13C 
values (Figure 23).  Lagodon rhomboides had samples in all seven NMFS zones and indicated significant 
differences between zones 8 and 4, but Bonferroni multiple range tests did not indicate significant 
differences in depth zones (p > 0.05, Figure 24).  Bonferroni multiple range tests did not indicate significant 
difference among NMFS zones for Lutjanus synagris (p > 0.05), but indicated that depth zone 2 had 
significantly lower δ13C values than zone 1 (Figure 25).  There were no significant differences in δ13C for 
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NMFS or depth zones for O. chrysoptera, Saurida normani, and Stenotomus caprinus, and only significantly 
higher δ13C values in NMFS zone 4 than 5 for R. aurorubens (Figures 26-29). 
Syacium papillosum was collected in all NMFS and depth zones, with significantly higher δ13C 
values in NMFS zones 4 and 5 than zone 6, and in depth zone 2 than zones 3 and 5 (Figure 30).  Synodus 
foetens was also collected in all NMFS and depth zones, but had significantly higher δ13C values in NMFS 
zones 4, 5 and 7 than 6 and 8, and more negative δ13C values in depth zone 4 than depth zone 3 (Figure 
31).  Bonferroni multiple range tests did not indicate any significant difference among NMFS zones for 
Synodus intermedius, but depth zone 5 had lower δ13C values than depth zones 2 and 4 (Figure 32).  NMFS 
zone 4 had less negative δ13C values for T. myops, and had no significant differences among depth zones 
(Figure 33). 
After looking at fish species independently by NMFS zone and by depth zone, ANCOVAs were also 
used to look for potential δ13C differences within NMFS zones using depth as a categorical variable.  Using 
data from all fish species combined, analyses were conducted comparing δ13C over depth zones for each 
NMFS zone (Table 5, Figures 34-35).  There were differences among depth zones for each of the NMFS 
zones with the exception of zone 9 and 10 (ANCOVA, p > 0.05, Figure 35).  This comparison indicated that 
depth zones 5 and 4 had lower δ13C values and zones 1 and 2 had higher δ13C values (Bonferroni multiple 
range test, p < 0.05).  The same general pattern was also seen for NMFS zones 4-8, with either depth 
zones 5 and 4 being lower than 1 and 2 (NMFS 4 and 5), depth zones 3 to 5 lower than depth zones 1 and 
2 (NMFS 6), or depth zone 5 lower than depth zone 2 (NMFS 7), or depth zones 5 and 4 different from 
depth zone 1 (NMFS 8, Figure 34). 
Individual species results for analysis of δ13C by depth zone within NMFS zones are presented in 
Appendix D (Table D1 and Figures D1-D20).  Only four individual fish species (Lagodon rhomboides, 
Lutjanus synagris, Syacium papillosum, and Synodus foetens) had significant differences within individual 
NMFS zones by depth, as presented in Appendix D Table D1. 
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 Herbivores 
δ13C values for invertebrate herbivore data were first analyzed using a factorial or two-way ANOVA 
with NMFS and depth zones as categorical variables.  When all herbivores were analyzed together there 
were significant difference among NMFS zones (ANOVA, F-ratio = 5.80, p = 0.0001) but not depth zones 
(ANOVA, F-ratio = 0.66, p = 0.62).  In order to determine if there were significant differences among NMFS 
or depth zones for individual herbivore species, one-way ANOVAs were used with the results presented 
below (Table 6, Figures 36-38).  All herbivores combined, L. variegatus, and sponges had significant 
differences in δ13C by NMFS zone, but there were no significant differences in δ13C by depth zone (Table 
6).  There were not enough samples to analyze Amusium papyraceum, Abracia punctulata, or Styela plicata 
individually for either NMFS zone or depth zone.  In general, δ13C values became more negative when 
moving from NMFS zone 4 to 8 for all herbivores combined and L. variegatus (Figure 37). 
As with fish, after looking at herbivore species independently by NMFS zone and by depth zone, 
ANOVAs were conducted to look for potential differences within NMFS zones using depth as a categorical 
variable.  For all herbivore species, analyses were conducted to compare δ13C among depth zones for each 
NMFS zone (Table 7, Figure 39).  NMFS zones 9 and 10 did not have enough data for analysis, and the 
only two NMFS zones that had significant difference between δ13C and depth were 6 and 8 (ANOVA, p < 
0.05).  For NMFS zone 6, when using Bonferroni mulitiple range tests, there were no significant differences 
among depth zones (Figure 39d).  However, in NMFS zone 8, depth zones 2 and 5 had higher δ13C values 
than depth zone 1, which could be a result of small sample size (n=11). 
Results from individual species analyses of δ13C by depth zone within NMFS zones are presented 
in Table D2 and Figures D21-D22 of Appendix D.  For both L. variegatus  and sponges, only NMFS zone 
7 indicated significant differences in δ13C with depth; depth zone 2 had higher δ13C than depth zone 1 for 
L. variegatus and depth zone 1 had higher δ13C values than the other zones for sponges (Bonferroni 
multiple range tests).  
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Analysis of δ15N 
 Fish 
As with δ13C, δ15N values for fish data were first analyzed using a factorial or two-way ANCOVA, 
with NMFS and depth zones as categorical variables and fish length as a covariate.  When all fish were 
analyzed together there were significant difference among NMFS zones (ANCOVA, F-ratio = 196.14, p < 
0.0001) but not depth zones (ANCOVA, F-ratio = 1.01, p = 0.40).  In order to determine which fish species 
had significant differences among NMFS or depth zones, one-way ANCOVAs were used with the results 
presented below.  All fish species combined and all individual fish species indicated significant differences 
among NMFS zones, with δ15N increasing in the northwestward direction from zone 4 to zone 10. However, 
only three individual fish species (Diplectrum formosum, E. lanceolatus, and H. aurolineatum) had 
significant differences in δ15N by depth zones (Table 8, Figures 40-57).  For all fish species combined, 
NMFS zone 10 had significantly higher δ15N than all other zones.  While most species followed the pattern 
of increasing δ15N from NMFS zone 4 to zone 10, there may have been a slightly different order of NMFS 
zones based on means for some species.  However, δ15N was significantly lower in NMFS zone 4 for 
Calamus proridens, Decapterus punctatus, Diplectrum formosum, E. lanceolatus, Lagodon rhomboides, R. 
aurorubens, Saurida normani, Syacium papillosum, and T. myops.  δ15N was also significantly higher in the 
most northwestern NMFS zones (8, 9, or 10) for Centropristis ocyurus (zones 9 and 10), H. aurolineatum 
(zone 10), H. plumierii (zone 7), Lutjanus synagris (zone 8), O. chrysoptera (zone 8), Stenotomus caprinus 
(zone 10), Synodus foetens (zone 10), and Synodus intermedius (zone 8). 
Two of the three species that indicated differences in δ15N by depth zone had significantly higher 
δ15N in depth zone 3 (Diplectrum formosum and E. lanceolatus), but one species (H. aurolineatum) had 
higher δ15N in depth zone 1.  The higher δ15N values in depth zone 1 for H. aurolineatum could have resulted 
from the fact that more samples were collected from that depth in NMFS zones 8-10 (10 samples) than 
NMFS zones 4-7 (8 samples). 
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After looking at fish species independently by NMFS zone and by depth zone, ANCOVAs were 
conducted to look for potential δ15N differences within NMFS zones using depth as a categorical variable.  
For all fish species, analyses were conducted to compare δ15N among depth zones for each NMFS zone 
(Table 9, Figure 58-59).  There were no significant differences among depth zones by NMFS zone, with the 
exception of NMFS zone 10 (ANCOVA, p = 0.04).  However, when using Bonferroni multiple range test to 
determine which depth zones were significantly different, there were no differences among depths (p > 
0.05). 
ANCOVA results of δ15N by depth zone within NMFS zone for individual fish species are presented 
in Table E1 and Figures E1-E20 of Appendix E.  Only five individual species had significant differences 
among depth zones for individual NMFS zones (Decapterus punctatus, Diplectrum formosum, H. 
aurolineatum, Lagodon rhomboides, and Synodus intermedius). 
 
 Herbivores 
Herbivore δ15N values were first analyzed using a factorial or two-way ANOVA with NMFS and 
depth zones as categorical variables.  When all herbivores were analyzed together, there were significant 
difference among both NMFS and depth zones (ANOVA, F-ratio = 10.03 and 2.55, p < 0.0001 and 0.04, 
respectively).  In order to determine if there were significant differences among NMFS or depth zones for 
individual herbivore species, one-way ANOVAs were used with the results presented below.  Herbivores 
indicated the general pattern in δ15N as fish with values increasing when moving to the northwest from 
NMFS zones 4 to 9 (Table 10, Figures 60-52).  All herbivores had the highest δ15N in zone 9 (Bonferroni 
multiple range test).  Similarly, for both L. variegatus (NMFS zone 8) and sponges (NMFS zone 9), the 
furthest northwest NMFS zone had the highest δ15N (Bonferroni multiple range test). 
There were no samples collected from NMFS zone 10 for herbivores.  Styela plicata was the only 
herbivore species that indicated a significant difference among depth zones for δ15N with depth zone 2 
having higher values.   
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As with fish, after looking at herbivore species independently by NMFS zone and by depth zone, 
ANOVAs were conducted to look for potential differences within NMFS zones using depth as a categorical 
variable.  For all herbivore species, analyses were conducted comparing δ15N among depth zones for each 
NMFS zone (Table 11, Figure 63).  There were no significant difference among depth zones for all the 
NMFS zones combined and all but NMFS zone 6 for the individual zone analysis (ANOVA, p > 0.05, Table 
11).  Using Bonferroni multiple range tests (p < 0.05), there were significant differences between depth 
zone 5 and zones 1-2 with depth zone 5 having higher δ15N values within NMFS zone 6.   
Individual species results of ANOVA analyses of δ15N by depth zone within NMFS zones are 
presented in Table E2 and Figures E21-E22 of Appendix E.  There were no significant differences in depth 
zone by NMFS zone for either L. variegatus or sponges. 
 
Tables and Figures  
Table 1. Summary of ANOVA results of all successful CTD casts during July 2009.  Starting and ending 
trawl depth was averaged while the water-column average was used for water-quality parameters. 
Parameter df n MS F-ratio p-value 
Average trawl depth (m) 6 133 529 3.79 0.002 
Average water-column temperature (°C) 6 131 47.9 21.7 <0.00001 
Average water-column salinity (ppt) 6 131 1.10 15.0 <0.00001 
Average water-column dissolved oxygen (mg/L) 6 131 0.92 2.91 0.01 
Average water-column chl. fluorescence (RFU) 6 131 88.3 7.58 <0.00001 
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Table 2. Summary of top 28 most abundant fish species based on total catch numbers along with percent 
of catch.  Number of samples collected and used in isotopic analysis (by species) is also provided. 
Scientific Name Common Name 
Food 
Source 
Total 
Number 
Caught 
Percent 
of Total 
Catch 
Number of 
Samples 
Collected 
Number of 
Samples 
Processed 
Lagodon rhomboides Pinfish zoobenthos 8,405 12.89% 82 74 
Syacium papillosum Dusky Flounder zoobenthos 5,903 9.05% 184 172 
Stenotomus caprinus Longspine Porgy zoobenthos 4,392 6.74% 27 26 
Stephanolepis hispidus 
Planehead 
Filefish 
zoobenthos 4,202 6.45% 9 0 
Haemulon aurolineatum Tomtate zoobenthos 3,883 5.96% 110 64 
Chloroscombrus 
chrysurus 
Atlantic Bumper zooplankton 3,871 5.94% 19 0 
Micropogonias undulatus Atlantic Croaker zoobenthos 2,431 3.73% 15 0 
Lutjanus synagris Lane Snapper nekton 1,745 2.68% 46 46 
Orthopristis chrysoptera Pigfish zoobenthos 1,709 2.62% 24 24 
Diplectrum formosum Sand Perch nekton 1,521 2.33% 98 98 
Synodus foetens 
Inshore 
Lizardfish 
nekton 1,319 2.02% 105 104 
Leiostomus xanthurus Spot zoobenthos 1,313 2.01% 9 0 
Scorpaena calcarata 
Smoothhead 
Scorpionfish 
zoobenthos 1,251 1.92% 15 0 
Mullus auratus Red Goatfish zoobenthos 1,214 1.86% 12 0 
Eucinostomus gula Silver Jenny zoobenthos 1,194 1.83% 0 0 
Calamus proridens Littlehead Porgy zoobenthos 1,111 1.70% 75 64 
Synodus intermedius Sand Diver nekton 885 1.36% 63 63 
Trachinocephalus myops Snakefish nekton 870 1.33% 42 39 
Bellator militaris Horned Searobin zoobenthos 854 1.31% 15 0 
Centropristis ocyurus Bank Sea Bass nekton 815 1.25% 34 34 
Decapterus punctatus Round Scad zooplankton 797 1.22% 19 19 
Bothus robinsi Twospot flounder zoobenthos 788 1.21% 9 0 
Haemulon plumierii White Grunt zoobenthos 752 1.15% 36 36 
Rhomboplites 
aurorubens 
Vermilion 
Snapper 
zooplankton 
and nekton 
699 1.07% 24 24 
Acanthostracion 
quadricornis 
Scrawled 
Cowfish 
zoobenthos 645 0.99% 0 0 
Equetus lanceolatus Jackknife-fish zoobenthos 607 0.93% 36 36 
Prionotus martis Barred Searobin zoobenthos 570 0,87% 6 0 
Saurida normani 
Shortjaw 
Lizardfish 
nekton 511 0.78% 21 21 
Top 28 Most Abundant Species Totals 54,257 83.23% 1,135 944 
Fish Catch Totals 65,191 100.00% 1,537 944 
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Table 3. Results of linear regressions for δ13C and δ15N with fish length for all fish combined and individual species. 
Species 
δ13C (‰, PDB) δ15N (‰, Air) 
n Slope Intercept Slope p r2 n Slope Intercept Slope p r2 
All Fish Species 943 0.04 -17.8 <0.00001 0.03 944 0.06 9.06 <0.00001 0.06 
Calamus proridens 64 0.08 -17.1 0.09 0.05 64 0.03 9.02 0.23 0.02 
Centropristis ocyurus 34 0.01 -18.2 0.84 0.001 34 -0.27 11.0 0.70 0.005 
Decapterus punctatus 19 0.15 -19.7 0.03 0.24 19 0.39 5.81 0.09 0.16 
Diplectrum formosum 98 0.18 -19.9 <0.00001 0.32 98 0.11 8.17 0.0002 0.17 
Equetus lanceolatus 36 -0.07 -15.9 0.29 0.03 36 0.09 8.46 0.001 0.26 
Haemulon aurolineatum 63 0.03 -21.7 <0.00001 0.43 64 -0.11 12.3 0.04 0.07 
Haemulon plumierii 36 -0.01 -16.1 0.84 0.001 36 0.07 9.03 0.02 0.14 
Lagodon rhomboides 74 -0.12 -14.9 0.12 0.03 74 -0.10 11.3 0.18 0.02 
Lutjanus synagris 46 0.10 -17.4 0.005 0.17 46 0.03 9.74 0.22 0.03 
Orthopristis chrysoptera 24 0.21 -19.5 0.22 0.07 24 -0.15 12.5 0.38 0.04 
Rhomboplites aurorubens 24 0.08 -19.2 0.08 0.13 24 0.13 8.13 <0.00001 0.69 
Saurida normani 21 0.07 -20.0 0.0002 0.53 21 0.06 8.91 0.10 0.14 
Stenotomus caprinus 26 0.12 -18.8 <0.00001 0.66 26 -0.05 12.6 0.18 0.07 
Syacium papillosum 172 0.06 -18.5 0.01 0.04 172 0.06 8.24 0.04 0.02 
Synodus foetens 104 0.09 -19.4 <0.00001 0.42 104 -0.01 11.9 0.74 0.001 
Synodus intermedius 63 0.05 -19.0 0.02 0.09 63 0.001 10.1 0.97 <0.00001 
Trachinocephalus myops 39 -0.02 -17.3 0.72 0.004 39 0.06 9.00 0.12 0.06 
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Table 4. ANCOVA results for δ13C with fish length as a covariate for all fish combined and individual species 
among NMFS and depth zones. 
Species 
δ13C by NMFS zone, with length as 
covariate 
δ13C by depth zone, with length as 
covariate 
n df MS F-ratio p-value n df MS F-ratio p-value 
All Fish 943 6 13.7 12.1 <0.00001 943 4 55.2 56.0 <0.00001 
Calamus proridens 64 3 4.91 9.79 0.00003 64 1 1.93 2.77 0.10 
Centropristis ocyurus 34 4 2.26 11.1 0.00002 34 3 0.64 1.45 0.25 
Decapterus punctatus 19 4 0.77 28.5 <0.00001 19 1 0.68 3.99 0.06 
Diplectrum formosum 98 5 2.65 3.83 0.003 98 2 0.73 0.91 0.41 
Equetus lanceolatus 36 2 2.39 3.38 0.05 36 2 2.38 3.36 0.05 
Haemulon 
aurolineatum 
63 6 2.18 5.11 0.003 63 2 3.36 6.67 0.002 
Haemulon plumierii 36 1 1.81 10.8 0.002 36 1 0.001 0.01 0.94 
Lagodon rhomboides 74 6 3.82 3.71 0.003 74 4 3.00 2.59 0.04 
Lutjanus synagris 46 3 2.12 7.6 0.0004 46 1 1.64 4.36 0.04 
Orthopristis 
chrysoptera 
24 2 0.84 1.16 0.33 24 1 0.08 0.11 0.75 
Rhomboplites 
aurorubens 
24 2 1.53 6.18 0.008 24 1 0.07 0.19 0.67 
Saurida normani 21 3 0.07 1.47 0.26 21 1 0.02 0.39 0.54 
Stenotomus caprinus 26 2 0.001 0.02 0.98 26 4 0.03 0.56 0.69 
Syacium papillosum 172 6 3.65 3.84 0.001 172 4 4.55 4.73 0.001 
Synodus foetens 104 6 1.07 6.87 <0.00001 104 4 0.45 2.26 0.07 
Synodus intermedius 63 4 0.65 5.19 0.001 63 3 0.53 3.79 0.01 
Trachinocephalus 
myops 
39 2 2.42 4.18 0.02 39 3 0.57 0.83 0.48 
 
Table 5. ANCOVA results for δ13C for all fish species combined by depth for all NMFS zones. 
All Fish 
Type n df MS F-ratio p-value 
All Zones 943 4 55.2 56.0 <0.00001 
Zone 4 219 4 26.6 21.8 <0.00001 
Zone 5 186 4 10.7 7.73 0.00001 
Zone 6 212 4 19.9 25.8 <0.00001 
Zone 7 104 4 2.13 3.53 0.01 
Zone 8 112 4 1.26 3.92 0.005 
Zone 9 45 4 0.21 1.07 0.39 
Zone 10 65 4 0.39 1.49 0.22 
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Table 6. ANOVA results for δ13C for all herbivores combined and individual species by NMFS and depth 
zones. 
Species δ
13C by NMFS Zone δ13C by Depth Zone 
n df MS F-ratio p-value n df MS F-ratio p-value 
All Herbivores 187 5 11.41 6.15 0.00003 187 4 1.94 0.92 0.45 
Amusium papyraceum Not Sufficient Number of Samples Not Sufficient Number of Samples 
Abracia punctulata Not Sufficient Number of Samples Not Sufficient Number of Samples 
Lytechinus variegatus 35 4 23.5 10.5 0.00002 35 1 16.5 3.77 0.06 
Sponge 132 5 6.95 5.06 0.0003 132 4 0.42 0.26 0.91 
Styela plicata Not Sufficient Number of Samples Not Sufficient Number of Samples 
Stylocidaris affinis 13 1 1.90 2.54 0.14 13 2 0.21 0.22 0.81 
 
 
Table 7. ANOVA results for δ13C for all herbivore species combined by depth for all NMFS zones. 
All Herbivores 
Type n df MS F-ratio p-value 
All Zones 187 4 1.94 0.92 0.45 
Zone 4 43 3 0.17 0.11 0.95 
Zone 5 39 3 1.09 0.37 0.77 
Zone 6 57 4 2.93 2.66 0.04 
Zone 7 33 3 0.59 0.41 0.75 
Zone 8 11 2 21.1 13.6 0.003 
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Table 8. ANCOVA results for δ15N with fish length as a covariate for all fish combined and individual species 
over NMFS and depth zones. 
Species 
δ15N by NMFS zone, with length as 
covariate 
δ15N by depth zone, with length as 
covariate 
n df MS F-ratio p-value n df MS F-ratio p-value 
All Fish 944 6 118 198 <0.00001 944 4 2.27 1.07 0.15 
Calamus proridens 64 3 1.03 9.14 <0.0001 64 1 0.005 0.03 0.87 
Centropristis ocyurus 34 4 7.00 47.6 <0.00001 34 3 2.03 2.26 0.10 
Decapterus punctatus 19 4 9.16 130 <0.00001 19 1 1.61 0.72 0.41 
Diplectrum formosum 98 5 9.31 44.9 <0.00001 98 2 4.99 8.46 0.0004 
Equetus lanceolatus 36 2 1.13 18.4 <0.0001 36 2 0.45 4.37 0.02 
Haemulon 
aurolineatum 
64 6 6.34 25.7 <0.0001 64 2 6.98 11.1 0.0001 
Haemulon plumierii 36 1 0.94 5.65 0.02 36 1 0.00001 <0.00001 1.00 
Lagodon rhomboides 74 6 10.2 23.4 <0.00001 74 4 1.23 0.98 0.42 
Lutjanus synagris 46 3 1.92 20.2 <0.00001 46 1 0.02 0.08 0.77 
Orthopristis 
chrysoptera 
24 2 3.53 9.06 0.002 24 1 0.31 0.42 0.51 
Rhomboplites 
aurorubens 
24 2 0.18 3.37 0.05 24 1 0.001 0.02 0.89 
Saurida normani 21 3 1.42 20.0 <0.0001 21 1 0.35 1.25 0.28 
Stenotomus caprinus 26 2 1.69 12.6 <0.001 26 4 0.17 0.60 0.66 
Syacium papillosum 172 6 31.7 47.1 <0.00001 172 4 4.02 2.35 0.06 
Synodus foetens 104 6 12.9 67.0 <0.00001 104 4 2.13 2.39 0.06 
Synodus intermedius 63 4 1.85 23.2 <0.00001 63 3 0.17 0.86 0.43 
Trachinocephalus 
myops 
39 2 2.52 11.7 <0.001 39 3 0.01 0.03 0.99 
 
Table 9. ANCOVA results for δ15N for all fish species combined by depth for all NMFS zones. 
All Fish 
Type n df MS F-ratio p-value 
All Zones 944 4 2.27 1.07 0.15 
Zone 4 219 4 0.62 0.97 0.43 
Zone 5 186 4 1.22 1.68 0.16 
Zone 6 212 4 0.22 0.45 0.77 
Zone 7 104 4 0.79 1.92 0.11 
Zone 8 112 4 0.62 1.04 0.39 
Zone 9 46 4 0.14 0.34 0.85 
Zone 10 65 4 1.43 2.63 0.04 
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Table 10. ANOVA results for δ15N for all herbivores combined and individual species over NMFS and depth 
zones. 
Species 
δ15N by NMFS Zone δ15N by Depth Zone 
n df MS F-ratio p-value n df MS F-ratio p-value 
All herbivores 194 5 41.9 9.99 <0.00001 194 4 11.9 2.36 0.06 
Amusium papyraceum Not Sufficient Number of Samples Not Sufficient Number of Samples 
Abracia punctulata Not Sufficient Number of Samples Not Sufficient Number of Samples 
Lytechinus variegatus 36 4 8.69 13.8 <0.00001 36 1 1.55 1.00 0.32 
Sponges 134 5 22.5 4.66 0.0006 134 1 0.13 0.02 1.00 
Styela plicata 6 2 3.43 24.2 0.01 6 1 6.85 63.4 0.001 
Stylocidaris affinis 13 1 0.37 0.27 0.62 13 2 0.92 0.68 0.53 
 
 
Table 11. ANOVA results for δ15N for all herbivore species combined by depth for all NMFS zones. 
All Herbivores 
Type n df MS F-ratio p-value 
All Zones 194 4 11.9 2.36 0.06 
Zone 4 43 3 3.85 0.56 0.64 
Zone 5 39 3 1.38 0.45 0.72 
Zone 6 60 4 13.3 3.28 0.02 
Zone 7 36 3 2.67 1.02 0.40 
Zone 8 11 2 0.38 0.10 0.90 
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Figure 6. Box plot of average trawl depth by NMFS zone for all trawls.  Average trawl depth was calculated 
using starting and ending depths in meters. The box represents the 25-75%, line is the median, and 
whiskers indicate the 5-95% range of the data. 
 
 
Figure 7. Box plot of average water-column water temperature by NMFS zone for all trawls.  The box 
represents the 25-75%, line is the median, and whiskers indicate the 5-95% range of the data. 
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Figure 8. Box plot of average water-column salinity by NMFS zone for all trawls.  The box represents the 
25-75%, line is the median, and whiskers indicate the 5-95% range of the data. 
 
 
Figure 9. Box plot of average water-column dissolved oxygen concentration by NMFS zone for all trawls.  
The box represents the 25-75%, line is the median, and whiskers indicate the 5-95% range of the data. 
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Figure 10. Box plot of average water-column chlorophyll fluorescence by NMFS zone for all trawls.  The 
box represents the 25-75%, line is the median, and whiskers indicate the 5-95% range of the data. 
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Figure 11. SIMPROF groups based on group-average cluster analysis of Bray-Curtis similarity between 139 trawl samples (sample identifiers are 
at bottom). Dashed horizontal line at 24% similarity indicates “slice” used for reduction from 35 SIMPROF groups to four SIMPROF groups and two 
SIMPROF supersets. 
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Figure 12. Seriated heat map of trawl-based communities as defined by SIMPROF analysis. Horizontal axis is individual trawls and associated 
community groups (delineated by vertical black lines and labeled by colored symbols at top), and vertical axis is species associations for the 25 
most abundant fish species. Color-coded catch is standardized as percent of survey-wide catch for each species; relative abundance among species 
is presented in Table A1 and is not depicted in this figure. 
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Figure 13. Map of trawl-based communities identified by SIMPROF analysis.  Isobaths are in increasing 
increments (10 m increments inshore to 100 m, increasing to 100 m increments to 1000 m, and finally by 
500 m increments) and NMFS zones are indicated by polygons. 
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Figure 14. Seriated heat map of trawl-based communities at 24% sample similarity. Horizontal axis is individual trawls and associated community 
groups (delineated by vertical black lines and labeled by colored symbols at top), and vertical axis is species associations for the 25 most abundant 
fish species. Color-coded catch is standardized as percent of survey-wide catch for each species; relative abundance among species is presented 
in Table A1 and is not depicted in this figure. 
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Figure 15. Map of trawl-based communities identified by 24% similarity.  Isobaths are in increasing 
increments (10 m increments inshore to 100 m, increasing to 100 m increments to 1000 m, and finally by 
500 m increments) and NMFS zones are indicated by polygons. 
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Figure 16. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for all fish species 
combined.  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 17. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Calamus proridens.  
Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 18. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Centropristis ocyurus.  
Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 19. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Decapterus 
punctatus.  Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 20. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Diplectrum formosum.  
Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 21. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Equetus lanceolatus.  
Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 22. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Haemulon 
aurolineatum.  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 23. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Haemulon plumierii.  
Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 24. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Lagodon rhomboides.  
Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 25. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Lutjanus synagris.  
Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 26. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Orthopristis 
chrysoptera.  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 27. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Rhomboplites 
aurorubens.  Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 28. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Saurida normani.  
Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 29. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Stenotomus caprinus.  
Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 30. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Syacium papillosum.  
Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 31. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Synodus foetens.  
Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 32. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Synodus intermedius.  
Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 33. Multiple comparison plot for δ13C and NMFS zone (a) or depth zone (b) for Trachinocephalus 
myops.  Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 34. Multiple comparison plot for δ13C and depth zone for all fish combined across all NMFS zones 
(a), NMFS zone 4 (b), NMFS zone 5 (c), NMFS zone 6 (d), NMFS zone 7(e), and NMFS zone 8 (f).  Central 
marker represents the mean and bars are 95% confidence intervals. 
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Figure 35. Multiple comparison plot for δ13C and depth zone for all fish combined in NMFS zone 9 (a) and 
NMFS zone 10 (b).  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 36. Multiple comparison plot for δ13C and NMFS zones (a) or depth zones (b) for all herbivores 
combined.  Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 37. Multiple comparison plot for δ13C and NMFS zones (a) or depth zones (b) for Lytechinus 
variegatus.  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 38. Multiple comparison plot for δ13C and NMFS zones (a) or depth zones (b) for sponges.  Central 
marker represents the mean and bars are 95% confidence intervals. 
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Figure 39. Multiple comparison plot for δ13C and depth zone for all herbivores combined across all NMFS 
zones (a), NMFS zone 4 (b), NMFS zone 5 (c), NMFS zone 6 (d), NMFS zone 7(e), and NMFS zone 8 (f).  
Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 40. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for all fish species 
combined.  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 41. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Calamus proridens.  
Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 42. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Centropristis 
ocyurus.  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 43. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Decapterus 
punctatus.  Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 44. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Diplectrum 
formosum.  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 45. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Equetus 
lanceolatus.  Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 46. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Haemulon 
aurolineatum.  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 47. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Haemulon plumierii.  
Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 48. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Lagodon 
rhomboides.  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 49. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Lutjanus synagris.  
Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 50. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Orthopristis 
chrysoptera.  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 51. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Rhomboplites 
aurorubens.  Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 52. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Saurida normani.  
Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 53. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Stenotomus 
caprinus.  Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 54. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Syacium 
papillosum.  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 55. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Synodus foetens.  
Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 56. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Synodus 
intermedius.  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 57. Multiple comparison plot for δ15N and NMFS zones (a) or depth zones (b) for Trachinocephalus 
myops.  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
a b 
a b 
57 
 
 
 
  
Figure 58. Multiple comparison plot for δ15N and depth zone for all fish combined across all NMFS zones 
(a), NMFS zone 4 (b), NMFS zone 5 (c), NMFS zone 6 (d), NMFS zone 7(e), and NMFS zone 8 (f).  Central 
marker represents the mean and bars are 95% confidence intervals. 
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Figure 59. Multiple comparison plot for δ15N and depth zone for all fish combined in NMFS zone 9 (a) and 
NMFS zone 10 (b).  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 60. Multiple comparison plot for δ15N and NMFS zone (a) and depth zone (b) for all herbivores 
combined.  Central marker represents the mean and bars are 95% confidence intervals. 
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Figure 61. Multiple comparison plot for δ15N and NMFS zone (a) and depth zone (b) for Lytechinus 
variegatus.  Central marker represents the mean and bars are 95% confidence intervals. 
 
 
 
Figure 62. Multiple comparison plot for δ15N and NMFS zone (a) and depth zone (b) for sponges.  Central 
marker represents the mean and bars are 95% confidence intervals. 
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Figure 63. Multiple comparison plot for δ15N and depth zone for all herbivore combined across all NMFS 
zones (a), NMFS zone 4 (b), NMFS zone 5 (c), NMFS zone 6 (d), NMFS zone 7 (e), and NMFS zone 8 (f).  
Central marker represents the mean and bars are 95% confidence intervals. 
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CHAPTER FOUR: 
DISCUSSION 
 
Agreement with the Radabaugh et al. Isoscapes 
δ13C  
An increase in δ13C with increasing fish length is expected as the result of gape-related increases 
in trophic position with growth. In agreement with Radabaugh et al. (2013), some, but not all, species were 
found to have this pattern (Table 3).  This effect was removed from further analyses by using fish length as 
a covariate in ANCOVA.   
With data for all fish species combined, there was a general decrease in δ13C with increasing depth, 
agreeing with the pattern observed in three species by Radabaugh et al. (2013).  Shallow waters tended to 
have higher δ13C than the deeper, offshore waters.  Additionally, this study considered depth-related 
changes in δ13C within NMFS zones.  Fish δ13C values decreased with increasing depth in most NMFS 
zones, except in those farthest north and west (NMFS zones 9 and 10). 
Primary consumers (invertebrate herbivores) did not have the same pattern as fish; there were no 
significant difference in δ13C by depth zone for individual herbivore species or when all individuals were 
combined.  When broken down further by NMFS zone, deeper-water herbivores only had significantly lower 
δ13C values in NMFS zone 6.  Herbivores did have a decrease in δ13C towards the northwest, as values 
became more negative with increasing NMFS zone; this agrees with a greater contribution of phytoplankton 
(perhaps as phytodetritus) to their diet in the northwest direction, and also agrees with the pattern observed 
by Radabaugh et al. (2013).  Average δ13C values for all herbivores decreased from approximately -18‰ 
to -20‰ between NMFS zones 4 and 8. 
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δ15N 
As with δ13C, an increase in δ15N with increasing fish length is expected as the result of gape-
related increases in trophic position with length. When comparing δ15N with fish length, Radabaugh et al. 
(2013) found only one of the three species (Syacium papillosum) had a significant positive relationship.  
The current study found a positive relationship between δ15N and fish length for five additional species 
(Table 3).  Based on the findings in the present study, around half of the fish species used in analysis 
followed the same pattern as in previous studies (Badalamenti et al. 2002, Davenport and Bax 2002, 
Deudero et al. 2004, Arim et al. 2010,) showing an increase in δ15N with increasing size.  δ15N has been 
shown to increase as fish size increases from both changes in diet and increasing mouth gape, which allows 
larger prey to be ingested (Davenport and Bax 2002, Sweeting et al. 2007). There is a general trend of 
increasing trophic position with increasing predator size, but this trend is often violated by large consumers 
at relatively low trophic levels (e.g., basking shark and baleen whales) and small consumers feeding in food 
webs that have complex connectivity, which results in relatively high trophic levels at small predator sizes 
(Jennings et al. 2001). As with δ13C, the gape effect was removed from further analyses of δ15N by using 
fish length as a covariate in ANCOVA. 
In fish, δ15N was also found to increase in the northwesterly direction, in agreement with isotopes 
from the three species in the Radabaugh et al. (2013) study.  This trend was observed in all 17 species 
analyzed (including the three considered by Radabaugh et al. 2013) between NMFS zones 4 and 10.  
Invertebrate herbivores had a similar pattern, with δ15N increasing northwestward from NMFS zones 4 to 
9.  Because the same pattern was observed in both herbivores and fish, it can be assumed that sources of 
nitrogen change from the southeast to the northwest. Radabaugh et al. (2013) indicated this δ15N gradient 
is a baseline effect caused by the mixture of heavy DIN from river inputs to the northwest with light DIN 
from the oligotrophic southeast, where nitrogen fixation is more prevalent (i.e., the gradient is not caused 
by variation in trophic level).  The same conclusion can be made for all fish species used in the present 
study, as the same nitrogen gradient was observed in all fish species as well as in all herbivore species.  
  
63 
 
Biomass Pathway Dominance in Different NMFS Zones 
Spatial Patterns in Invertebrate Herbivores 
The invertebrate herbivores in this study had northwesterly decreases in δ13C, but no consistent 
trends with depth (Table 12).  Based on the location of most of the trawl deployments, with very few 
occurring within 10 km from shore, it is doubtful that terrestrial carbon influenced the δ13C values for most 
of the samples, as Thayer et al. (1983) found that terrestrial carbon only traveled about 30 km offshore.  
Other causes, such as a shift in δ13C values of primary producers or a change in basal-resource 
dependence, are more likely explanations for the gradient in δ13C observed between NMFS zones 4 and 
8. 
The shallower depth zones (1 and 2) with potentially higher light penetration tended to have higher 
δ13C values for invertebrate herbivores.  Radabaugh et al. (2014) concluded that light limitation may be a 
causative factor in the offset between δ13C in benthic algae and phytoplankton, with higher light increasing 
photosynthetic fractionation and reducing δ13C in phytoplankton. Radabaugh and Peebles (2014) also 
found that light-related variables were most explanatory in their modeled isoscapes for δ13C in the SEAMAP 
survey area.  
Over the course of the Radabaugh et al. (2014) experiments, photosynthetically active radiation 
(PAR) decreased with increasing depth, as expected from first principles. If there was greater light 
penetration to the seafloor due to shallow depth or increased water clarity, then there would be potential 
for higher benthic algal production, allowing consumers to become more reliant on benthic algae. Light-
related conditions (depth and water clarity) varied throughout the SEAMAP survey area, whereas the δ13C 
of phytoplankton was spatially consistent the δ13C of consumers were not spatially consistent, even after 
correcting for fish length (gape) effects (Radabaugh and Peebles 2014). In the present study, δ13C was 
elevated in shallow depths for individual fish species in southern NMFS zones, but not in herbivores, 
indicating a higher proportion of benthically derived biomass contributed to the biomass of fish in these 
areas. I suggest that the general variation in δ13C among fish was caused by variation in the relative 
contributions of planktonic and benthic basal resources, which have inherently different δ13C values (France 
1995, Vander Zanden and Vadeboncoeur 2002, Radabaugh et al. 2014). 
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In contrast, the spatial gradients in δ15N were universally observed, occurring in invertebrate 
herbivores as well as fish, suggesting the underlying baseline gradient in DIN discussed above. All 
invertebrate herbivores combined (a group that mainly consisted of L. variegatus and sponges) had an 
increase in δ15N from approximately 4‰ in the southeast (NMFS zone 4) to 9‰ in the northwest (NMFS 
zone 9).  Various anthropogenic sources of nitrogen, usually in the form of sewage, livestock manure, and 
agricultural fertilizer runoff, collectively create a mass-balanced δ15N signature for the DIN in river inputs 
into coastal and marine waters (Hansson et al. 1997).  On the other hand, nitrogen fixation by 
Trichodesmium spp. can add new, atmosphere-based light nitrogen to oligotrophic waters (Capone et al. 
1997).  Besides adding new nitrogen to oligotrophic waters, Trichodesmium spp. may also contribute its 
organic carbon to small zooplankton grazers in the Gulf of Mexico (Holl et al. 2007).  In the meta-analysis 
of published zooplankton results, McMahon et al. (2013) constructed an isoscape that depicted low δ15N in 
the mid-gyre region of the North Atlantic (the Sargasso Sea) and in other low-latitude areas that did not 
receive fixed nitrogen from terrestrial runoff or upwelling. It is expected that differences in DIN baseline 
propagate to higher trophic levels (e.g., Macko et al. 1984, McMahon et al. 2013, Radabaugh et al. 2013). 
Differences in δ15N from south Florida to the northwest Gulf were also observed by Macko et al. (1984) in 
all sample types analyzed (particulate organic matter [POM], zooplankton, sediment, and shrimp).   
 
Spatial Patterns in Fish 
While not as dominant as the southeast-northwest gradient, there were also differences observed 
in δ15N with depth for three fish species (Diplectrum formosum, E. lanceolatus, and H. aurolineatum).  
Haemulon aurolineatum had decreasing δ15N values with increasing depth, which is consistent with greater 
dependence on basal resources that are linked to nitrogen fixation.  The other two fish species had 
increasing δ15N with increasing depth, which is more difficult to explain.  
In the southeast NMFS zones, a trend of increasing δ13C in shallow depth zones was observed 
when fish species were combined. This trend gradually disappeared with distance to the northwest (Figures 
34 and 35).  This pattern is consistent with increased dependence on isotopically heavy benthic pathways 
in the southeastern direction. These findings, which document spatially consistent trends in the degree of 
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isotopic offsets between invertebrate herbivores and predatory fish, lend additional support to the idea that 
spatial trends in δ13C are due to variable basal-resource dependence and not variable isotopic baselines. 
Specifically, there appeared to be greater dependence on benthic basal resources in the shallow, clear 
waters of the southeastern NMFS zones. 
The effort to identify species-specific basal-resource dependence is presented in Figure 64, where 
fish species are ranked by δ13C. This ranking represents fish species that were dominant in the trawl 
samples (Table 2).  The midpoint of -17.5‰ between benthic algae and phytoplankton presented by 
Radabaugh and Peebles (2014) is indicated as a horizontal red line on Figure 64. Fish with δ13C values 
that plot above the red line are likely to have a basal-resource bias towards benthic algae, and those with 
δ13C values that plot below the red line are likely to have a basal-resource bias towards phytoplankton. 
Figure 64 suggests that most of the fish in the study has some degree of dependence on benthic algae. 
The seven species at the left in Figure 64 (benthic algal dependents) are brightly marked reef-associated 
fish that were most abundant within SIMPROF superset e (Figure 14), which predominated in the eastern 
and southeastern part of the survey area (Figure 15). The eighth species from the left, E. lanceolatus, is 
also a brightly marked, reef-associated species, but it was not depicted in Figure 14 because it did not rank 
in the top 25 species in terms of abundance (all species, however, were used in determining community 
structure). None of the eight species are primarily zooplanktivorous during the life stages collected by the 
SEAMAP trawls. The only obligate zooplanktivore in Figure 64 is Decapterus punctatus (Round Scad). 
Rhomboplites aurorubens (Vermilion Snapper) also has a large amount of zooplankton in its diet, particular 
during the juvenile stages collected by the SEAMAP trawls. However, many of the fish in Figure 64 may 
have been facultative in their dependence on benthic basal resources. The species at the left of Figure 64 
would be expected to be impacted most by eutrophication or any future change to water clarity.   
 
Agreement Between Community Structure and Biomass Pathways 
The 24% similarity seriated heat map (Figure 14) and associated geographic map (Figure 15) 
identified the distributions of six fish community groups.  SIMPROF group b consisted primarily of nekton 
and plankton feeders in shallower waters (< 30m), and was most frequently observed in the northwest part 
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of the survey area where there is increased dependence on planktonic basal resources.  Of the five species 
that dominated group b, two were used in isotopic analysis (Decapterus punctatus and Lagodon 
rhoimboides).  D. punctatus had significant differences in δ13C among NMFS zones, with NMFS zone 7 
having the lowest δ13C values (~18.5‰), but this species had no significant differences among depth zones, 
which is expected for a species with relatively low dependence on benthic trophic pathways.  L. rhomboides 
had significant differences in δ13C among both NMFS and depth zones, but was also abundant in group d, 
which occupied shallow areas of the southeastern region where dependence on benthic basal resources 
was commonly observed. In support of this observation, the more southerly specimens (NMFS zones 4-6) 
had higher δ13C values indicative of benthic basal resources. Catches of L. rhomboides from deeper waters 
(this species also was common in group d, the deep-water community) indicated dependence on planktonic 
basal resources.  This species thus appears facultative in its basal resource dependence, although it had 
considerable dependence on benthic basal resources on average (Figure 64).  
The largest community (group e) was well-represented in the δ13C and δ15N analysis, but the deep-
water community (group d) was not well-represented because its strongest indicator species were usually 
not in the top five most abundant species per trawl (note that the maximum number analyzed per trawl was 
20 individuals). Group d was present in every NMFS zone and primarily consisted of zoobenthos and nekton 
consumers (one exception being Trachurus lathami, a zooplanktivore). Fish δ13C was consistently high in 
depth zones 4 and 5 (>60 m), which is consistent with dependence on planktonic basal resources in deep 
water where benthic algal growth would be expected to be inhibited; this matches the observed depth-
related community transition. More specifically, one species from the deep-water group, Stenotomus 
caprinus (Longspine Porgy), had no significant differences in its relatively low δ13C values (Figure 64) 
among NMFS zones 8-10, which is consistent with the group dependence on planktonic basal resources.  
While not significant, this species also had an increase in δ15N in the westward direction. 
From the perspective of analyzing spatial interface between isotopic relationships and 
conventionally described fish communities, it must be kept in mind that this interface may be distorted by 
predators and prey that have low site fidelities. In general, however, the SIMPROF groups and supersets 
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closely matched the pattern observed in the isotope data (Figures 65 and 66).  The results of the community 
analysis also match the modeled δ13C isoscapes presented by Radabaugh and Peebles (2014). 
 
Implications for Fish Community 
In previous research on semi-enclosed seas, eutrophication has been increasing over the last 
several decades, in turn creating larger and more numerous hypoxic areas (Diaz and Rosenberg 1995, 
Diaz and Rosenberg 2008).  If nutrient loading to coastal environments continues to increase, then the 
severity of eutrophication and the spread of hypoxic areas would also be expected to increase (Rabalais et 
al. 2009).  In addition to the spread of hypoxic zones, the increasing duration that hypoxia persists, usually 
during summer months associated with warmer temperatures or higher river discharges, can reduce 
secondary production and decimate the benthic fauna (Diaz and Rosenberg 2008).  In the eastern Gulf of 
Mexico, if eutrophication or other light-reducing processes expand east and south, then benthic productivity 
will be at risk and the species toward the left of Figure 64 are likely to be among the most impacted. A 
similar outcome could result from increased direct nitrogen discharges to coastal waters along the Florida 
peninsula, as fish communities in this area appear to be particularly dependent on water clarity’s effects on 
benthic primary production.  
Regular monitoring of fish communities through programs like SEAMAP or other fisheries 
independent monitoring could help identify potential changes over time.  Continued sea-surface satellite 
monitoring of water clarity should also record any changes over time, although such observations are limited 
to surface waters and may require many additional years of observations to detect decadal-scale change.  
Fisheries landings data in Florida waters could be used to determine whether a change in the pelagic-to-
demersal ratio (P/D) is occurring.  Changes in P/D are not only directly indicative of fish community change 
but higher caches of pelagic species would also indicate a shift from oligotrophic to eutrophic conditions 
(Caddy 2000, Hondorp et al. 2010).  Landings data could be coupled with water clarity data to get an overall 
picture of the link between fish community change and water quality. 
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Tables and Figures 
Table 12. Summary of significant results for individual herbivore species and isotopes. 
Species 
ANOVA: δ13C 
and NMFS Zone 
ANOVA: δ13C 
and Depth Zone 
ANOVA: δ15N and 
NMFS Zone 
ANOVA: δ15N and 
Depth Zone 
All Herbivores √  √  
Amusium papyraceum     
Abracia punctulata     
Lytechinus variegatus √  √  
Sponges √  √  
Styela plicata   √ √ 
Stylocidaris affinis     
For all checks, p<0.05 
 
Table 13. Summary of significant results for individual fish species and isotopes. 
Species 
Linear 
Regression: 
δ13C and 
Total 
Length 
ANCOVA: 
δ13C and 
NMFS 
Zone 
ANCOVA: 
δ13C and 
Depth 
Zone 
Linear 
Regression: 
δ15N and 
Total 
Length 
ANCOVA: 
δ15N and 
NMFS 
Zone 
ANCOVA: 
δ15N and 
Depth 
Zone 
All Fish Species √ √ √ √ √  
Calamus proridens  √   √  
Centropristis ocyurus  √   √  
Decapterus punctatus √ √   √  
Diplectrum formosum √ √  √ √ √ 
Equetus lanceolatus  √ √ √ √ √ 
Haemulon aurolineatum √ √ √ √ √ √ 
Haemulon plumierii  √  √ √  
Lagodon rhomboides  √ √  √  
Lutjanus synagris √ √ √  √  
Orthopristis chrysoptera     √  
Rhomboplites aurorubens  √  √ √  
Saurida normani √    √  
Stenotomus caprinus √    √  
Syacium papillosum √ √ √ √ √  
Synodus foetens √ √   √  
Synodus intermedius √ √ √  √  
Trachinocephalus myops  √   √  
For all checks, p<0.05 
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Figure 64. Median δ13C (‰, PDB) for individual fish species analyzed in July 2009. Box represents 25-75% 
with centerline median and 5-95% bars.  
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Figure 65. Isotopic comparison of fish samples representing the four main community groups identified in 
SIMPROF analysis at 24% similarity.  
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Figure 66. Four main community groups based on community analysis and basal resource dependence, 
as indicated by δ13C. Community analysis results (colored symbols) are overlaid on the Aqua MODIS Level-
2 surface chlorophyll concentration average for a 14-day period centered on June 15, 2009, with the deep 
chlorophyll maximum simulated in purple. 
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CHAPTER FIVE: 
CONCLUSIONS 
 
There was an increase in δ15N with fish length, which is expected to result from gape-related 
increases in trophic position with increasing length.  The gape effect was removed from further analysis by 
using length as a covariate in subsequent Analyses of Covariance (ANCOVA). ANOCOVAs indicated δ15N 
increased in the northwest direction for both invertebrate herbivores and fish, strengthening the pattern 
observed by Radabaugh et al. (2013) and supporting the conclusion that the δ15N gradient is caused by 
variation in the underlying isotopic baseline at the nutrient level (i.e., as DIN; null hypothesis 1 is rejected 
for δ15N, and null hypotheses 2 is accepted for δ15N). 
In fish, there was a widespread increase in δ13C with decreasing depth in the southeastern part of 
the survey area (NMFS zones 4-7; null hypothesis 1 is rejected for δ13C).  Primary consumers (invertebrate 
herbivores) did not have the same pattern as fish.  These findings support the idea that spatial trends in 
δ13C are due to basal-resource dependence and not variable isotopic baselines (null hypotheses 2 is thus 
rejected for δ13C).  There was a greater dependence on benthic basal resources for fish in shallow, clear 
waters in southeastern NMFS zones (null hypothesis 3 is rejected). 
In general, the SIMPROF community groups and supersets closely matched the pattern observed 
in the δ13C and δ15N data (null hypotheses 4 and 5 are both rejected).  In the eastern Gulf of Mexico, if 
eutrophication or other light-reducing processes expand east and south, then benthic productivity will be at 
risk and approximately half of the species in this study are likely to be among the most impacted. A similar 
outcome could result from increased direct nitrogen discharges to coastal waters along the Florida 
peninsula, as fish communities in this area appear to be particularly dependent on water clarity’s effects on 
benthic primary production.   
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Most fish in the study area had some degree of dependence on benthic primary producers. The 
species that were the most benthically dependent tended to be brightly marked reef-associated species 
found in the nearshore southeastern part of the survey area (SIMPROF superset e).  The fish species 
comprising that community would be the most impacted by changes in water clarity or eutrophication.  This 
largest SIMPROF superset was well represented in the isotopic analysis, but the deepwater community 
(superset d) was not, as species that defined this group were often not in the top five most abundant species 
per trawl. 
In the future, continued changes in land use or climate may alter fish communities in the eastern 
Gulf of Mexico.  Increased nutrient inputs through altered freshwater flows, increased agriculture (runoff 
from fertilizer or livestock waste), or increased urbanization could increase either the spatial extent or the 
duration of eutrophication-related symptoms in coastal waters.  Increased light attenuation is expected to 
precede any increase in benthic hypoxia that may result from increased eutrophication, and increases in 
light attenuation may lead to shifts from benthic- to plankton-based communities long before the effects of 
benthic hypoxia become evident (Burghart et al. 2013).  It would also be expected that plankton-based 
species will become more prominent in fisheries harvests, as has been observed in other parts of the world.  
Shifts in relative basal-resource productivities (benthic to planktonic) will not only affect species with 
obligate dependence on benthic pathways, but will also affect facultative species that periodically depend 
on benthic pathways during times when planktonic pathways are unproductive (Rooney et al. 2006, 
Burghart et al. 2013). 
The present study suggests potential implications for fish communities and also ideas for applying 
the results of future monitoring.  Three fish species (Calamus proridens, Lutjanus synagris, and H. plumierii) 
were determined to be potentially negatively affected if there are light-environment changes in the eastern 
Gulf of Mexico. A fourth species, Orthopristis chrysoptera, also had strong benthic dependence, but had a 
somewhat stronger indication of being facultative (Figure 64).  Using existing and future SEAMAP trawl 
surveys, abundance and spatial distribution data for these species could be compared over time to 
investigate whether basal-resource changes are occurring in the eastern Gulf of Mexico.  
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The community analysis used in this study can be applied to both previous and future data collected 
as part of SEAMAP.  Past surveys at both annual and seasonal timeframes could be evaluated for potential 
changes in community structure, as the wet and dry seasons in peninsular Florida are distinct enough to 
have different effects on inshore fish communities.  The fish communities observed in July 2009 can be 
compared to past summer survey information to determine whether changes have been taking place in the 
eastern Gulf of Mexico.  For years where both summer (June/July) and fall (October) surveys were 
conducted, community analysis on a seasonal scale would be possible.  Changes in individual fish 
movement (e.g., Wallace et al. 2014) would also be useful for comparing geographic habitat use among 
years and at different times of year.   
The scope of the present investigation should be expanded to larger areas of the Gulf of Mexico, 
as there are already SEAMAP surveys that target the continental shelf in other parts of the US Gulf of 
Mexico.  While collection methods may not be comparable (benthic trawls, balloon trawls, longlines, traps, 
seines, etc.), other fisheries-independent monitoring data can also be used to expand this approach to 
different depths, including estuarine and other nearshore environments.  Fish community analysis at larger 
geographic scales could be combined with satellite monitoring of surface waters (chlorophyll fluorescence, 
light attenuation, particulate organic carbon concentration, etc.) and glider profiles to gain a better 
understanding of fish community interactions with basic oceanographic features. 
  
75 
 
 
 
REFERENCES 
 
Arim M, Abades SR, Laufer G, Loureiro M, Marquet PA. 2010. Food web structure and body size: trophic 
position and resource acquisition. Oikos 119(1):147-153. 
Badalamenti F, D'Anna G, Pinnegar JK, Polunin NVC. 2002. Size-related trophodynamic changes in three 
target fish species recovering from intensive trawling. Marine Biology 141(3):561-570. 
Burghart DE, Jones DL, Peebles EB. 2013. Variation in estuarine consumer communities along an 
assembled eutrophication gradient: Implications for trophic instability. Estuaries and Coasts 
36:951-965. 
Caddy JF. 1993. Toward a comparative evaluation of human impacts on fishery ecosystems of enclosed 
and semi-enclosed seas. Reviews in Fisheries Science 1(1):57-95. 
Caddy JF. 2000. Marine catchment basin effects versus impacts of fisheries on semi-enclosed seas. Ices 
Journal of Marine Science 57(3):628-640. 
Caddy JF, Garibaldi L. 2000. Apparent changes in the trophic composition of world marine harvests: the 
perspective from the FAO capture database. Ocean & Coastal Management 43(8-9):615-655. 
Capone DG, Zehr JP, Paerl HW, Bergman B, Carpenter EJ. 1997. Trichodesmium, a globally significant 
marine cyanobacterium. Science 276(5316):1221-1229. 
Clarke KR, Somerfield PJ, Gorley RN. 2008. Testing of null hypotheses in exploratory community 
analyses: similarity profiles and biota-environment linkage. Journal of Experimental Marine 
Biology and Ecology 366(1-2):56-69. 
Dannheim J, Struck U, Brey T. 2007. Does sample bulk freezing affect stable isotope ratios of infaunal 
macrozoobenthos? Journal of Experimental Marine Biology and Ecology 351(1-2):37-41. 
Davenport SR, Bax NJ. 2002. A trophic study of a marine ecosystem off southeastern Australia using 
stable isotopes of carbon and nitrogen. Canadian Journal of Fisheries and Aquatic Sciences 
59(3):514-530. 
Deines AM, Bunnell DB, Rogers MW, Beard TD, Jr., Taylor WW. 2015. A review of the global relationship 
among freshwater fish, autotrophic activity, and regional climate. Reviews in Fish Biology and 
Fisheries 25(2):323-336. 
Dell Inc. 2015. STATISTICA (data analysis software system), version 12. www.statsoft.com. 
Deudero S, Pinnegar JK, Polunin NVC, Morey G, Morales-Nin B. 2004. Spatial variation and ontogenic 
shifts in the isotopic composition of Mediterranean littoral fishes. Marine Biology 145(5):971-981. 
  
76 
 
Diaz RJ, Rosenberg R. 1995. Marine benthic hypoxia: A review of its ecological effects and the 
behavioural responses of benthic macrofauna. Oceanography and Marine Biology - an Annual 
Review, Vol 33 33:245-303. 
Diaz RJ, Rosenberg R. 2008. Spreading dead zones and consequences for marine ecosystems. Science 
321(5891):926-929. 
Eldridge PJ. 1988. The Southeast Area Monitoring and Assessment Program (SEAMAP); a state-federal-
university program for collection, management, and dissemination of fishery-independent data 
and information in the southeastern United States. Marine Fisheries Review 50(2):29-39. 
Elsdon TS, Ayvazian S, McMahon KW, Thorrold SR. 2010. Experimental evaluation of stable isotope 
fractionation in fish muscle and otoliths. Marine Ecology Progress Series 408:195-205. 
France RL. 1995. C-13 Enrichment in benthic compared to planktonic algae: foodweb implications. 
Marine Ecology Progress Series 124(1-3):307-312. 
Hansson S, Hobbie JE, Elmgren R, Larsson U, Fry B, Johansson S. 1997. The stable nitrogen isotope 
ratio as a marker of food-web interactions and fish migration. Ecology 78(7):2249-2257. 
Holl CM, Villareal TA, Payne CD, Clayton TD, Hart C, Montoya JP. 2007. Trichodesmium in the western 
Gulf of Mexico: N-15(2)-fixation and natural abundance stable isotope evidence. Limnology and 
Oceanography 52(5):2249-2259. 
Hondorp DW, Breitburg DL, Davias LA. 2010. Eutrophication and Fisheries: Separating the Effects of 
Nitrogen Loads and Hypoxia on the Pelagic-to-Demersal Ratio and Other Measures of Landings 
Composition. Marine and Coastal Fisheries 2(1):339-361. 
Jennings S, Pinnegar JK, Polunin NVC, Boon TW. 2001. Weak cross-species relationships between body 
size and trophic level belie powerful size-based trophic structuring in fish communities. Journal of 
Animal Ecology 70(6):934-944. 
Macko SA, Entzeroth L, Parker PL. 1984. Regional differences in nitrogen and carbon isotopes on the 
continental shelf of the Gulf of Mexico. Naturwissenschaften 71(7):374-375. 
McCutchan JH, Lewis WM, Kendall C, McGrath CC. 2003. Variation in trophic shift for stable isotope 
ratios of carbon, nitrogen, and sulfur. Oikos 102(2):378-390. 
McMahon KW, Hamady LL, Thorrold SR, Smith IP. 2013. Ocean ecogeochemistry: a review. In: Hughes 
RN, Hughes DJ, editors. Oceanography and Marine Biology: an Annual Review, Vol 51. Boca 
Raton: Crc Press-Taylor & Francis Group. p. 327-373. 
Michener RH, Schell DM, Lajtha K, Michener RH. 1994. Stable isotope ratios as tracers in marine aquatic 
food webs. Stable isotopes in ecology and environmental science.: Blackwell Scientific 
Publications. 
Minagawa M, Wada E. 1984. Stepwise enrichment of N15 along food chains: further evidence and the 
relation between δ15N and animal age. Geochimica Et Cosmochimica Acta 48(5):1135-1140. 
O'Reilly CM, Hecky RE, Cohen AS, Plisnier PD. 2002. Interpreting stable isotopes in food webs: 
Recognizing the role of time averaging at different trophic levels. Limnology and Oceanography 
47(1):306-309. 
77 
 
Post DM, Layman CA, Arrington DA, Takimoto G, Quattrochi J, Montana CG. 2007. Getting to the fat of 
the matter: models, methods and assumptions for dealing with lipids in stable isotope analyses. 
Oecologia 152(1):179-189. 
Rabalais NN, Turner RE, Justic D, Dortch Q, Wiseman WJ, SenGupta BK. 1996. Nutrient changes in the 
Mississippi River and system responses on the adjacent continental shelf. Estuaries 19(2B):386-
407. 
Rabalais NN, Turner RE, Sen Gupta BK, Boesch DF, Chapman P, Murrell MC. 2007. Hypoxia in the 
northern Gulf of Mexico: Does the science support the plan to reduce, mitigate, and control 
hypoxia? Estuaries and Coasts 30(5):753-772. 
Rabalais NN, Turner RE, Diaz RJ, Justic D. 2009. Global change and eutrophication of coastal waters. 
Ices Journal of Marine Science 66(7):1528-1537. 
Radabaugh KR, Hollander DJ, Peebles EB. 2013. Seasonal delta C-13 and delta N-15 isoscapes of fish 
populations along a continental shelf trophic gradient. Continental Shelf Research 68:112-122. 
Radabaugh KR, Malkin EM, Hollander DJ, Peebles EB. 2014. Evidence for light-environment control of 
carbon isotope fractionation by benthic microalgal communities. Marine Ecology Progress Series 
495:77-90. 
Radabaugh KR, Peebles EB. 2014. Multiple regression models of delta C-13 and delta N-15 for fish 
populations in the eastern Gulf of Mexico. Continental Shelf Research 84:158-168. 
Rooney N, McCann K, Gellner G, Moore JC. 2006. Structural asymmetry and the stability of diverse food 
webs. Nature 442(7100):265-269. 
SEDAR27-RD-05. Fishery-Independent Sampling: SEAMAP Trawl. Southeast Area Monitoring & 
Assessment Program (SEAMAP) Trawl Protocol. 7pp. 
Sweeting CJ, Barry J, Barnes C, Polunin NVC, Jennings S. 2007. Effects of body size and environment 
on diet-tissue delta N-15 fractionation in fishes. Journal of Experimental Marine Biology and 
Ecology 340(1):1-10. 
Thayer GW, Govoni JJ, Connally DW. 1983. Stable carbon isotope ratios of the planktonic food web in 
the northern Gulf of Mexico. Bulletin of Marine Science 33(2):247-256. 
Vander Zanden MJ, Rasmussen JB. 1999. Primary consumer delta C-13 and delta N-15 and the trophic 
position of aquatic consumers. Ecology 80(4):1395-1404. 
Vander Zanden MJ, Vadeboncoeur Y. 2002. Fishes as integrators of benthic and pelagic food webs in 
lakes. Ecology 83(8):2152-2161. 
Wallace AA, Hollander DJ, Peebles EB. 2014. Stable isotopes in fish eye lenses as potential recorders of 
trophic and geographic history. Plos One 9(10). 
Wei C-L, Rowe GT, Haedrich RL, Boland GS. 2012. Long-term observations of epibenthic fish zonation in 
the deep northern Gulf of Mexico. Plos One 7(10). 
Weisberg RH, Black BD, Li Z. 2000. An upwelling case study on Florida’s west coast. Journal of 
Geophysical Research 105(C5):11459-11469. 
78 
 
Wellborn GA, Skelly DK, Werner EE. 1996. Mechanisms creating community structure across a 
freshwater habitat gradient. Annual Review of Ecology and Systematics 27:337-363. 
Wilkinson L, Friendly M. 2009. The History of the Cluster Heat Map. American Statistician 63(2):179-184. 
  
79 
 
 
 
APPENDIX A: 
TOTAL FISH CATCH SUMMARY BY SPECIES 
Table A1. Summary of total catch and percent of catch by species for all trawls in July 2009. 
Scientific Name Common Name Total by Species Percent of Total Catch 
Lagodon rhomboides Pinfish 8,405 12.89% 
Syacium papillosum Dusky Flounder 5,903 9.05% 
Stenotomus caprinus Longspine Porgy 4,392 6.74% 
Stephanolepis hispidus Planehead Filefish 4,202 6.45% 
Haemulon aurolineatum Tomtate 3,883 5.96% 
Chloroscombrus chrysurus Atlantic Bumper 3,871 5.94% 
Micropogonias undulatus Atlantic Croaker 2,431 3.73% 
Lutjanus synagris Lane Snapper 1,745 2.68% 
Orthopristis chrysoptera Pigfish 1,709 2.62% 
Diplectrum formosum Sand Perch 1,521 2.33% 
Synodus foetens Inshore Lizardfish 1,319 2.02% 
Leiostomus xanthurus Spot 1,313 2.01% 
Scorpaena calcarata Smoothhead Scorpionfish 1,251 1.92% 
Mullus auratus Red Goatfish 1,214 1.86% 
Eucinostomus gula Silver Jenny 1,194 1.83% 
Calamus proridens Littlehead Porgy 1,111 1.70% 
Synodus intermedius Sand Diver 885 1.36% 
Trachinocephalus myops Snakefish 870 1.33% 
Bellator militaris Horned Searobin 854 1.31% 
Centropristis ocyurus Bank Sea Bass 815 1.25% 
Decapterus punctatus Round Scad 797 1.22% 
Bothus robinsi Twospot flounder 788 1.21% 
Haemulon plumierii White Grunt 752 1.15% 
Rhomboplites aurorubens Vermilion Snapper 699 1.07% 
Acanthostracion quadricornis Scrawled Cowfish 645 0.99% 
Equetus lanceolatus Jackknife-fish 607 0.93% 
Prionotus martis Barred Searobin 570 0.87% 
Saurida normani Shortjaw Lizardfish 511 0.78% 
Lepophidium jeannae Mottled Cusk-eel 510 0.78% 
Sphoeroides dorsalis Marbled Puffer 508 0.78% 
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Table A1 (continued) Summary of total catch and percent of catch by species for all trawls in July 2009. 
Scientific Name Common Name Total by Species Percent of Total Catch 
Prionotus roseus Bluespotted Searobin 399 0.61% 
Sardinella aurita Spanish Sardine 388 0.60% 
Pristipomoides aquilonaris Wenchman 380 0.58% 
Calamus arctifrons Grass Porgy 376 0.58% 
Prionotus scitulus Leopard Searobin 371 0.57% 
Synodus poeyi Offshore Lizardfish 363 0.56% 
Trachurus lathami Rough Scad 361 0.55% 
Ophidion holbrookii Bank Cusk-eel 326 0.50% 
Aluterus schoepfi Orange Filefish 292 0.45% 
Serranus notospilus Saddle Bass 282 0.43% 
Serranus phoebe Tattler 250 0.38% 
Diplodus holbrookii Spottail Pinfish 249 0.38% 
Etropus rimosus Gray Flounder 223 0.34% 
Scorpaena brasiliensis Barbfish 205 0.31% 
Halieutichthys aculeatus Pancake Batfish 195 0.30% 
Prionotus rubio Blackwing Searobin 192 0.29% 
Prionotus alatus Spiny Searobin 185 0.28% 
Etropus cyclosquamus Shelf Flounder 162 0.25% 
Scorpaena agassizii Longfin Scorpionfish 161 0.25% 
Citharichthys macrops Spotted Whiff 159 0.24% 
Pagrus pagrus Red Porgy 150 0.23% 
Epinephelus morio Red Grouper 141 0.22% 
Serranus atrobranchus Blackear Bass 124 0.19% 
Sphoeroides spengleri Bandtail Puffer 124 0.19% 
Apogon pseudomaculatus Twospot Cardinalfish 118 0.18% 
Eucinostomus harengulus Tidewater Mojarra 118 0.18% 
Anchoa hepsetus Striped Anchovy 107 0.16% 
Symphurus diomedeanus Spottedfin Tonguefish 104 0.16% 
Saurida brasiliensis Largescale Lizardfish 103 0.16% 
Hippocampus erectus Lined Seahorse 96 0.15% 
Porichthys plectrodon Atlantic Midshipman 96 0.15% 
Lutjanus griseus Gray Snapper 92 0.14% 
Kathetostoma albigutta Lancer Stargazer 89 0.14% 
Calamus leucosteus Whitebone Porgy 87 0.13% 
Calamus nodosus Knobbed Porgy 84 0.13% 
Opisthonema oglinum Atlantic Thread Herring 81 0.12% 
Ariopsis felis Hardhead Catfish 79 0.12% 
Selene setapinnis Atlantic Moonfish 78 0.12% 
Ophidion antipholus Longnose Cusk-eel 76 0.12% 
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Table A1 (continued) Summary of total catch and percent of catch by species for all trawls in July 2009. 
Scientific Name Common Name Total by Species Percent of Total Catch 
Cyclopsetta fimbriata Spotfin Flounder 75 0.12% 
Pareques umbrosus Cubbyu 74 0.11% 
Harengula jaguana Scaled Sardine 74 0.11% 
Cynoscion arenarius Sand Seatrout 71 0.11% 
Prionotus stearnsi Shortwing Searobin 70 0.11% 
Engraulis eurystole Silver Anchovy 69 0.11% 
Ancylopsetta quadrocellata Ocellated Flounder 65 0.100% 
Centropristis philadelphica Rock Sea Bass 64 0.098% 
Prionotus ophryas Bandtail Searobin 62 0.095% 
Lachnolaimus maximus Hogfish 61 0.094% 
Monacanthus ciliatus Fringed Filefish 61 0.094% 
Lutjanus campechanus Red Snapper 55 0.084% 
Xyrichtys novacula Pearly Razorfish 54 0.083% 
Balistes capriscus Grey Triggerfish 52 0.080% 
Chaetodon ocellatus Spotfin Butterflyfish 48 0.074% 
Larimus fasciatus Banded Drum 45 0.069% 
Urophycis regia Spotted Hake 45 0.069% 
Diplectrum bivittatum Dwarf Sand Perch 42 0.064% 
Apogon affinis Bigtooth Cardinalfish 41 0.063% 
Nicholsina usta Emerald Parrotfish 41 0.063% 
Ophidion grayi Blotched Cusk-eel 41 0.063% 
Echeneis neucratoides Whitefin Sharksucker 40 0.061% 
Caranx crysos Blue Runner 38 0.058% 
Ogcocephalus parvus Roughback Batfish 36 0.055% 
Chaetodon sedentarius Reef Butterflyfish 32 0.049% 
Paralichthys squamilentus Broad Flounder 32 0.049% 
Prionotus tribulus Bighead Searobin 31 0.048% 
Sphoeroides nephelus Southern Puffer 31 0.048% 
Paralichthys albigutta Gulf Flounder 30 0.046% 
Symphurus urospilus Spottail Tonguefish 30 0.046% 
Centropristis striata Black Sea Bass 27 0.041% 
Gymnothorax saxicola Honeycomb Moray 27 0.041% 
Holacanthus bermudensis Blue Angelfish 27 0.041% 
Chaetodipterus faber Atlantic Spadefish 26 0.040% 
Prionotus longispinosus Bigeye Searobin 26 0.040% 
Chilomycterus schoepfi Striped Burrfish 25 0.038% 
Echeneis naucrates Sharksucker 25 0.038% 
Seriola dumerili Greater Amberjack 23 0.035% 
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Table A1 (continued) Summary of total catch and percent of catch by species for all trawls in July 2009. 
Scientific Name Common Name Total by Species Percent of Total Catch 
Phaeoptyx pigmentaria Dusky Cardinalfish 20 0.031% 
Rhizoprionodon terraenovae Atlantic Sharpnose Shark 19 0.029% 
Ariomma regulus Spotted Driftfish 18 0.028% 
Prognathodes aya Bank Butterflyfish 18 0.028% 
Eucinostomus argenteus Spotfin Mojarra 18 0.028% 
Hoplunnis diomediana Blacktail Pikeconger 18 0.028% 
Pomacanthus arcuatus Gray Angelfish 18 0.028% 
Peristedion gracile Slender Searobin 16 0.025% 
Pomatomus saltatrix Bluefish 16 0.025% 
Seriola zonata Banded Rudderfish 16 0.025% 
Apogon quadrisquamatus Sawcheek Cardinalfish 15 0.023% 
Astrapogon alutus Bronze Cardinalfish 16 0.025% 
Ogcocephalus corniger Longnose Batfish 15 0.023% 
Peprilus burti Gulf Butterfish 15 0.023% 
Trichopsetta ventralis Sash Flounder 15 0.023% 
Pseudupeneus maculatus Spotted Goatfish 14 0.021% 
Mustelus canis Smooth Dogfish 13 0.020% 
Chilara taylori Spotted Cusk-eel 13 0.020% 
Aluterus heudelotii Dotterel Filefish 12 0.018% 
Ogcocephalus cubifrons Polka-dot Batfish 12 0.018% 
Peprilus paru Harvestfish 12 0.018% 
Lepophidium brevibarbe Blackedge Cusk-eel 11 0.017% 
Menticirrhus americanus Southern Kingfish 11 0.017% 
Pristigenys alta Short Bigeye 11 0.017% 
Squatina dumeril Atlantic Angel Shark 11 0.017% 
Urophycis floridana Southern Hake 11 0.017% 
Menticirrhus saxatilis Northern Kingfish 10 0.015% 
Selar crumenophthalmus Bigeye Scad 10 0.015% 
Sphyraena borealis Sennet 10 0.015% 
Chromis enchrysura Yellowtail Reeffish 9 0.014% 
Mycteroperca microlepis Gag 9 0.014% 
Opsanus pardus Leopard Toadfish 9 0.014% 
Priacanthus arenatus Bigeye 9 0.014% 
Rypticus maculatus Whitespotted Soapfish 9 0.014% 
Urophycis cirrata Gulf hake 9 0.014% 
Bellator egretta Streamer Searobin 8 0.012% 
Echiophis intertinctus Spotted Spoon-nose Eel 8 0.012% 
Gobiesox strumosus Skilletfish 8 0.012% 
Ophidion selenops Mooneye Cusk-eel 8 0.012% 
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Table A1 (continued) Summary of total catch and percent of catch by species for all trawls in July 2009. 
Scientific Name Common Name Total by Species Percent of Total Catch 
Ophidion josephi Crested Cusk-eel 8 0.012% 
Aluterus scriptus Scrawled Filefish 7 0.011% 
Carcharhinus acronotus Blacknose Shark 7 0.011% 
Gastropsetta frontalis Shrimp Flounder 7 0.011% 
Ophidion  Cusk-eel 7 0.011% 
Rhinobatos lentiginosus Atlantic Guitarfish 7 0.011% 
Upeneus parvus Dwarf Goatfish 7 0.011% 
Bembrops anatirostris Duckbill Flathead 6 0.009% 
Baldwinella vivanus Red Barbier 6 0.009% 
Sphoeroides parvus Least Puffer 6 0.009% 
Urophycis earllii Carolina Hake 6 0.009% 
Antennarius ocellatus Ocellated Frogfish 5 0.008% 
Canthigaster rostrata Sharpnose Puffer 5 0.008% 
Caulolatilus cyanops Blackline Tilefish 5 0.008% 
Mycteroperca phenax Scamp 5 0.008% 
Parablennius marmoreus Seaweed Blenny 5 0.008% 
Rachycentron canadum Cobia 5 0.008% 
Selene vomer Lookdown 5 0.008% 
Etropus crossotus Fringed Flounder 4 0.006% 
Holanthias martinicensis Roughtongue Bass 4 0.006% 
Stegastes variabilis Cocoa Damselfish 4 0.006% 
Rypticus bistrispinus Freckled Soapfish 4 0.006% 
Scorpaena dispar Hunchback Scorpionfish 4 0.006% 
Symphurus plagiusa Blackcheek Tonguefish 4 0.006% 
Ariosoma balearicum Bandtooth Conger 3 0.005% 
Brotula barbatum Atlantic Bearded Brotula 3 0.005% 
Carapus bermudensis Pearlfish 3 0.005% 
Hyporthodus flavolimbatus Yellowedge Grouper 3 0.005% 
Etropus  Flounder 3 0.005% 
Eucinostomus  Mojarra 3 0.005% 
Hypleurochilus  Blenny 3 0.005% 
Odontoscion dentex Reef Croaker 3 0.005% 
Paraconger caudilimbatus Margintail Conger 3 0.005% 
Stellifer lanceolatus Star Drum 3 0.005% 
Bothus ocellatus Eyed Flounder 2 0.003% 
Calamus  Porgy 2 0.003% 
Caulolatilus intermedius Anchor Tilefish 2 0.003% 
Cheilopogon furcatus Spotfin Flyingfish 2 0.003% 
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Table A1 (continued) Summary of total catch and percent of catch by species for all trawls in July 2009. 
Scientific Name Common Name Total by Species Percent of Total Catch 
Citharichthys cornutus Horned Whiff 2 0.003% 
Decodon puellaris Red Hogfish 2 0.003% 
Pareques acuminatus High-hat 2 0.003% 
Fistularia petimba Red Cornetfish 2 0.003% 
Gymnachirus melas Naked Sole 2 0.003% 
Halichoeres caudalis Painted Wrasse 2 0.003% 
Hoplunnis tenuis Spotted Pike-Conger 2 0.003% 
Acanthostracion polygonius Honeycomb Cowfish 2 0.003% 
Scomberomorus cavalla King Mackerel 2 0.003% 
Synodus  Lizardfish 2 0.003% 
Anchoa cubana Cuban Anchovy 1 0.002% 
Antennarius striatus Striated Frogfish 1 0.002% 
Archosargus probatocephalus Sheepshead 1 0.002% 
Astroscopus y-graecum Southern Stargazer 1 0.002% 
Bothus  Flounder 1 0.002% 
Bregmaceros  Codlet 1 0.002% 
Brevoortia patronus Gulf Menhaden 1 0.002% 
Calamus penna Sheepshead Progy 1 0.002% 
Caulolatilus chrysops Goldface Tilefish 1 0.002% 
Cephalopholis cruentata Graysby 1 0.002% 
Cheilopogon  Flyingfish 1 0.002% 
Cryptotomus roseus Bluelip Parrotfish 1 0.002% 
Decapterus  Scad 1 0.002% 
Diplogrammus pauciradiatus Spotted Dragonet 1 0.002% 
Echiodon dawsoni Chain Pearlfish 1 0.002% 
Emblemaria atlantica Banner Blenny 1 0.002% 
Engyophrys senta Spiny Flounder 1 0.002% 
Epinephelus drummondhayi Speckled Hind 1 0.002% 
Pareques iwamotoi Blackbar Drum 1 0.002% 
Etrumeus teres Round Herring 1 0.002% 
Fistularia tabacaria Bluespotted Cornetfish 1 0.002% 
Gnathophis bracheatopos Longeye Conger 1 0.002% 
Gobiosoma longipala Twoscale Goby 1 0.002% 
Elacatinus xanthiprora Yellowprow Goby 1 0.002% 
Hemanthias leptus Longtail Bass 1 0.002% 
Holocentrus adscensionis Squirrelfish 1 0.002% 
Sargocentron bullisi Deepwater Squirrelfish 1 0.002% 
Hoplunnis macrura Freckled Pikeconger 1 0.002% 
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Table A1 (continued) Summary of total catch and percent of catch by species for all trawls in July 2009. 
Scientific Name Common Name Total by Species Percent of Total Catch 
Hypoplectrus puella Barred Hamlet 1 0.002% 
Muraenidae  Moray Eels 1 0.002% 
Myrophis punctatus Speckled Worm Eel 1 0.002% 
Nettastomatidae  Duckbilled Eel 1 0.002% 
Ocyurus chrysurus Yellowtail Snapper 1 0.002% 
Opistognathus  Jawfish 1 0.002% 
Opsanus beta Gulf Toadfish 1 0.002% 
Paralichthyidae  Sand Flounder 1 0.002% 
Phaeoptyx xenus Sponge Cardinalfish 1 0.002% 
Saurida  Lizardfish 1 0.002% 
Serraniculus pumilio Pygmy Sea Bass 1 0.002% 
Serranus subligarius Belted Sandfish 1 0.002% 
Starksia ocellata Checkered Blenny 1 0.002% 
Syacium gunteri Shoal Flounder 1 0.002% 
Unid.Fish #01   1 0.002% 
Totals 65,191 100.00% 
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APPENDIX B: 
LINEAR REGRESSIONS OF δ13C AND LENGTH FOR INDIVIDUAL FISH SPECIES 
 
 
Figure B1. Linear regression of δ13C and total length for Calamus proridens.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
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Figure B2. Linear regression of δ13C and total length for Centropristis ocyurus.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
 
 
Figure B3. Linear regression of δ13C and total length for Decapterus punctatus.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
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Figure B4. Linear regression of δ13C and total length for Diplectrum formosum.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
 
 
Figure B5. Linear regression of δ13C and total length for Equetus lanceolatus.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
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Figure B6. Linear regression of δ13C and total length for Haemulon aurolineatum.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
 
 
Figure B7. Linear regression of δ13C and total length for Haemulon plumierii.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
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Figure B8. Linear regression of δ13C and total length for Lagodon rhomboides.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
 
 
Figure B9. Linear regression of δ13C and total length for Lutjanus synagris.  Solid line represents regression 
line and dashed lines represent 95% confidence limits. 
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Figure B10. Linear regression of δ13C and total length for Orthopristis chrysoptera.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
 
 
Figure B11. Linear regression of δ13C and total length for Rhomboplites aurorubens.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
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Figure B12. Linear regression of δ13C and total length for Saurida normani.  Solid line represents regression 
line and dashed lines represent 95% confidence limits. 
 
 
Figure B13. Linear regression of δ13C and total length for Stenotomus caprinus.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
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Figure B14. Linear regression of δ13C and total length for Syacium papillosum.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
 
 
Figure B15. Linear regression of δ13C and total length for Synodus foetens.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
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Figure B16. Linear regression of δ13C and total length for Synodus intermedius.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
 
 
Figure B17. Linear regression of δ13C and total length for Trachinocephalus myops.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
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APPENDIX C: 
LINEAR REGRESSIONS OF δ15N AND LENGTH FOR INDIVIDUAL FISH SPECIES 
 
 
Figure C1. Linear regression of δ15N and total length for Calamus proridens.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
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Figure C2. Linear regression of δ15N and total length for Centropristis ocyurus.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
 
 
Figure C3. Linear regression of δ15N and total length for Decapterus punctatus.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
 
4 6 8 10 12 14 16 18
Total length (cm)
9
10
11
12
13
14
δ
1
5
N
 (
‰
, 
A
ir
)
11 12 13 14 15 16 17 18
Total length (cm)
8
9
10
11
12
13
14
δ
1
5
N
 (
‰
, 
A
ir
)
97 
 
 
Figure C4. Linear regression of δ15N and total length for Diplectrum formosum.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
 
 
Figure C5. Linear regression of δ15N and total length for Equetus lanceolatus.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
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Figure C6. Linear regression of δ15N and total length for Haemulon aurolineatum.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
 
 
Figure C7. Linear regression of δ15N and total length for Haemulon plumierii.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
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Figure C8. Linear regression of δ15N and total length for Lagodon rhomboides.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
 
 
Figure C9. Linear regression of δ15N and total length for Lutjanus synagris.  Solid line represents regression 
line and dashed lines represent 95% confidence limits. 
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Figure C10. Linear regression of δ15N and total length for Orthopristis chrysoptera.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
 
 
Figure C11. Linear regression of δ15N and total length for Rhomboplites aurorubens.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
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Figure C12. Linear regression of δ15N and total length for Saurida normani.  Solid line represents regression 
line and dashed lines represent 95% confidence limits. 
 
 
Figure C13. Linear regression of δ15N and total length for Stenotomus caprinus.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
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Figure C14. Linear regression of δ15N and total length for Syacium papillosum.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
 
 
Figure C15. Linear regression of δ15N and total length for Synodus foetens.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
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Figure C16. Linear regression of δ15N and total length for Synodus intermedius.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
 
 
Figure C17. Linear regression of δ15N and total length for Trachinocephalus myops.  Solid line represents 
regression line and dashed lines represent 95% confidence limits. 
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APPENDIX D: 
DEPTH ZONE INVESTIGATION of δ13C WITHIN NMFS ZONES FOR INDIVIDUAL SPECIES 
 
Table D1. ANCOVA results for δ13C and depth zone within NMFS zone by individual fish species. 
Calamus proridens 
Type n df MS F-ratio p-value 
All Zones 64 1 1.93 2.77 0.10 
Zone 5 21 1 0.00 0.00 0.95 
Zone 6 24 1 0.02 0.24 0.63 
Zone 7 16 1 0.09 0.14 0.72 
Centropristis ocyurus 
Type n df MS F-ratio p-value 
All Zones 34 3 0.64 1.45 0.25 
Zone 6 15 3 0.21 1.06 0.41 
Zone 8 6 1 0.09 0.64 0.48 
Zone 10 8 2 0.05 2.66 0.18 
Decapterus punctatus 
Type n df MS F-ratio p-value 
All Zones 19 1 0.68 3.99 0.06 
Zone 10 7 1 0.02 0.62 0.48 
Diplectrum formosum 
Type n df MS F-ratio p-value 
All Zones 98 2 0.73 0.91 0.41 
Zone 4 18 1 2.50 1.56 0.23 
Zone 5 9 1 1.64 1.35 0.29 
Zone 6 17 2 0.33 1.28 0.31 
Zone 7 27 2 0.05 0.14 0.87 
Zone 8 15 2 0.17 2.64 0.12 
Zone 9 12 2 0.17 4.23 0.06 
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Table D1 (continued) ANCOVA results for δ13C and depth zone within NMFS zone by individual fish 
species. 
Equetus lanceolatus 
Type n df MS F-ratio p-value 
All Zones 36 2 2.38 3.36 0.05 
Zone 4 12 1 0.004 0.005 0.95 
Zone 5 15 2 0.83 0.83 0.46 
Zone 6 9 1 0.01 0.35 0.58 
Haemulon aurolineatum 
Type n df MS F-ratio p-value 
All Zones 63 2 3.36 6.67 0.002 
Zone 4 5 1 0.003 0.01 0.94 
Zone 5 21 2 0.86 0.95 0.41 
Zone 6 14 2 0.04 0.41 0.67 
Zone 8 12 1 0.03 0.20 0.67 
Haemulon plumierii 
Type n df MS F-ratio p-value 
All Zones 36 1 0.001 0.01 0.94 
Zone 6 18 1 0.06 0.24 0.63 
Zone 7 18 1 0.03 0.29 0.60 
Lagodon rhomboides 
Type n df MS F-ratio p-value 
All Zones 74 4 3.00 2.59 0.04 
Zone 4 9 2 2.93 1.60 0.29 
Zone 5 34 2 2.88 4.24 0.02 
Zone 6 14 2 1.91 1.18 0.35 
Zone 8 6 2 0.46 1.18 0.46 
Zone 10 7 1 0.00 0.07 0.81 
Lutjanus synagris 
Type n df MS F-ratio p-value 
All Zones 46 1 1.64 4.36 0.04 
Zone 4 39 1 1.79 6.77 0.01 
Orthopristis chrysoptera 
Type n df MS F-ratio p-value 
All Zones 24 1 0.08 0.11 0.75 
Zone 5 15 1 0.36 0.39 0.55 
Zone 8 6 1 0.01 0.01 0.93 
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Table D1 (continued) ANCOVA results for δ13C and depth zone within NMFS zone by individual fish 
species. 
Rhomboplites aurorubens 
Type n df MS F-ratio p-value 
All Zones 24 1 0.07 0.19 0.67 
Zone 5 9 1 0.01 0.47 0.52 
Zone 6 6 1 0.51 0.60 0.50 
Saurida normani 
Type n df MS F-ratio p-value 
All Zones 21 1 0.02 0.39 0.54 
Zone 4 12 1 0.01 0.14 0.72 
Stenotomus caprinus 
Type n df MS F-ratio p-value 
All Zones 26 4 0.03 0.56 0.69 
Zone 9 18 4 0.03 0.40 0.81 
Zone 10 5 2 0.00 0.09 0.92 
Syacium papillosum 
Type n df MS F-ratio p-value 
All Zones 172 4 4.55 4.73 0.001 
Zone 4 53 4 5.14 4.85 0.002 
Zone 5 20 2 4.73 4.20 0.03 
Zone 6 41 4 0.51 1.07 0.38 
Zone 7 11 3 0.40 1.71 0.26 
Zone 8 19 4 0.10 0.81 0.54 
Zone 10 25 4 0.61 1.84 0.16 
Synodus foetens 
Type n df MS F-ratio p-value 
All Zones 104 4 0.45 2.26 0.07 
Zone 5 21 2 1.41 10.79 0.001 
Zone 6 12 2 0.18 1.45 0.29 
Zone 7 15 2 0.14 2.29 0.15 
Zone 8 32 4 0.03 0.16 0.96 
Zone 9 6 1 0.08 2.73 0.20 
Zone 10 10 3 0.34 53.40 0.0003 
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Table D1 (continued) ANCOVA results for δ13C and depth zone within NMFS zone by individual fish 
species. 
Synodus intermedius 
Type n df MS F-ratio p-value 
All Zones 63 3 0.53 3.79 0.01 
Zone 4 24 3 0.03 0.36 0.79 
Zone 5 9 2 0.09 0.68 0.55 
Zone 6 21 3 0.38 3.00 0.06 
Trachinocephalus myops 
Type n df MS F-ratio p-value 
All Zones 39 3 0.57 0.83 0.48 
Zone 4 24 3 0.89 2.16 0.13 
Zone 6 12 3 0.48 0.52 0.68 
 
 
 
Figure D1. Multiple comparison plot for δ13C and depth zone for Calamus proridens within all NMFS zones 
(a), zone 5 (b), zone 6 (c), and zone 7 (d).  Central marker represents the mean and bars are 95% 
confidence intervals. 
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Figure D2. Multiple comparison plot for δ13C and depth zone for Centropristis ocyurus within all NMFS 
zones (a), zone 6 (b), zone 8 (c), and zone 10 (d).  Central marker represents the mean and bars are 95% 
confidence intervals. 
 
 
Figure D3. Multiple comparison plot for δ13C and depth zone for Decapterus punctatus within all NMFS 
zones (a) and zone 10 (b).  Central marker represents the mean and bars are 95% confidence intervals. 
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Figure D4. Multiple comparison plot for δ13C and depth zone for Diplectrum formosum within all NMFS 
zones (a), zone 4 (b), zone 5 (c), zone 6 (d), zone 7 (e), zone 8 (f).  Central marker represents the mean 
and bars are 95% confidence intervals. 
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Figure D5. Multiple comparison plot for δ13C and depth zone for Diplectrum formosum in NMFS zone 9.  
Central marker represents the mean and bars are 95% confidence intervals. 
 
  
  
Figure D6. Multiple comparison plot for δ13C and depth zone for Equetus lanceolatus within all NMFS zones 
(a), zone 4 (b), zone 5 (c), and zone 6 (d).  Central marker represents the mean and bars are 95% 
confidence intervals. 
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Figure D7. Multiple comparison plot for δ13C and depth zone for Haemulon aurolineatum within all NMFS 
zones (a), zone 4 (b), zone 5 (c), zone 6 (d) and zone 8 (e).  Central marker represents the mean and bars 
are 95% confidence intervals. 
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Figure D8. Multiple comparison plot for δ13C and depth zone for Haemulon plumierii within all NMFS zones 
(a), zone 6 (b), and zone 7 (c).  Central marker represents the mean and bars are 95% confidence intervals. 
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Figure D9. Multiple comparison plot for δ13C and depth zone for Lagodon rhomboides within all NMFS 
zones (a), zone 4 (b), zone 5 (c), zone 6 (d), zone 8 (e), and zone 10 (f).  Central marker represents the 
mean and bars are 95% confidence intervals. 
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Figure D10. Multiple comparison plot for δ13C and depth zone for Lutjanus synagris within all NMFS zones 
(a) and zone 4(b).  Central marker represents the mean and bars are 95% confidence intervals. 
 
  
 
Figure D11. Multiple comparison plot for δ13C and depth zone for Orthopristis chrysoptera within all NMFS 
zones (a), zone 5 (b), and zone 8 (c).  Central marker represents the mean and bars are 95% confidence 
intervals. 
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Figure D12. Multiple comparison plot for δ13C and depth zone for Rhomboplites aurorubens within all NMFS 
zones (a), zone 5 (b), and zone 6 (c).  Central marker represents the mean and bars are 95% confidence 
intervals. 
 
  
Figure D13. Multiple comparison plot for δ13C and depth zone for Saurida normani within all NMFS zones 
(a) and zone 4 (b).  Central marker represents the mean and bars are 95% confidence intervals. 
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Figure D14. Multiple comparison plot for δ13C and depth zone for Stenotomus caprinus within all NMFS 
zones (a), zone 9 (b), and zone 10 (c).  Central marker represents the mean and bars are 95% confidence 
intervals. 
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Figure D15. Multiple comparison plot for δ13C and depth zone for Syacium papillosum within all NMFS 
zones (a), zone 4 (b), zone 5 (c), zone 6 (d), zone 7 (e), zone 8 (f).  Central marker represents the mean 
and bars are 95% confidence intervals. 
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Figure D16. Multiple comparison plot for δ13C and depth zone for Syacium papillosum within NMFS zone 
10.  Central marker represents the mean and bars are 95% confidence intervals. 
 
  
  
Figure D17. Multiple comparison plot for δ13C and depth zone for Synodus foetens within all NMFS zones 
(a), zone 5 (b), zone 6 (c), and zone 7 (d).  Central marker represents the mean and bars are 95% 
confidence intervals. 
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Figure D18. Multiple comparison plot for δ13C and depth zone for Synodus foetens within NMFS zone 8 
(a), zone 9 (b), and zone 10 (c).  Central marker represents the mean and bars are 95% confidence 
intervals. 
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Figure D19. Multiple comparison plot for δ13C and depth zone for Synodus intermedius within all NMFS 
zones (a), zone 4 (b), zone 5 (c), and zone 6 (d).  Central marker represents the mean and bars are 95% 
confidence intervals. 
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Figure D20. Multiple comparison plot for δ13C and depth zone for Trachinocephalus myops within all NMFS 
zones (a), zone 4 (b), and zone 6 (c).  Central marker represents the mean and bars are 95% confidence 
intervals. 
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Table D2. ANOVA results for δ13C and depth zone within NMFS zone by individual herbivore species. 
Lytechinus variegatus 
Type n df MS F-ratio p-value 
All Zones 35 1 16.5 3.77 0.06 
Zone 4 5 1 0.04 0.03 0.86 
Zone 5 11 1 0.31 0.09 0.77 
Zone 6 4 1 0.09 0.04 0.86 
Zone 7 11 1 8.70 6.20 0.03 
Zone 8 4 1 3.38 2.06 0.29 
Sponges 
Type n df MS F-ratio p-value 
All Zones 132 4 0.42 0.26 0.91 
Zone 4 38 3 0.08 0.05 0.98 
Zone 5 27 3 0.54 0.28 0.84 
Zone 6 40 3 1.67 1.37 0.27 
Zone 7 22 3 2.87 3.81 0.03 
Stylocidaris affinis 
All Zones 13 2 0.21 0.22 0.81 
Amusium papyraceum, Abracia punctulata, and Styela plicata 
All Zones Not Sufficient Number of Samples 
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Figure D21. Multiple comparison plot for δ13C and depth zone for Lytechinus variegatus within all NMFS 
zones (a), zone 4 (b), zone 5 (c), zone 6 (d), zone 7 (e), and zone 8 (f).  Central marker represents the 
mean and bars are 95% confidence intervals. 
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Figure D22. Multiple comparison plot for δ13C and depth zone for sponges within all NMFS zones (a), zone 
4 (b), zone 5 (c), zone 6 (d), and zone 7 (e).  Central marker represents the mean and bars are 95% 
confidence intervals. 
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APPENDIX E: 
DEPTH ZONE INVESTIGATION OF δ15N WITHIN NMFS ZONES FOR INDIVIDUAL SPECIES 
 
Table E1. ANCOVA results for δ15N and depth zone within NMFS zones by individual fish species. 
Calamus proridens 
Type n df MS F-ratio p-value 
All Zones 64 1 0.005 0.03 0.87 
Zone 5 21 1 0.02 0.32 0.58 
Zone 6 24 1 0.18 1.88 0.18 
Zone 7 16 1 0.02 0.11 0.75 
Centropristis ocyurus 
Type n df MS F-ratio p-value 
All Zones 34 3 2.03 2.26 0.10 
Zone 6 15 3 0.02 0.18 0.90 
Zone 8 6 1 0.04 0.15 0.72 
Zone 10 8 2 0.15 2.55 0.19 
Decapterus punctatus 
Type n df MS F-ratio p-value 
All Zones 19 1 1.61 0.72 0.41 
Zone 10 7 1 0.09 16.22 0.02 
Diplectrum formosum 
Type n df MS F-ratio p-value 
All Zones 98 2 4.99 8.46 0.0004 
Zone 4 18 1 0.29 1.25 0.28 
Zone 5 9 1 0.37 8.60 0.03 
Zone 6 17 2 0.27 0.84 0.46 
Zone 7 27 2 0.01 0.02 0.98 
Zone 8 15 2 0.33 3.69 0.06 
Zone 9 12 2 0.04 0.79 0.49 
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Table E1 (Continued) ANCOVA results for δ15N and depth zone within NMFS zones by individual fish 
species. 
Equetus lanceolatus 
Type n df MS F-ratio p-value 
All Zones 36 2 0.45 4.37 0.02 
Zone 4 12 1 0.01 0.07 0.80 
Zone 5 15 2 0.14 3.24 0.08 
Zone 6 9 1 0.10 4.61 0.08 
Haemulon aurolineatum 
Type n df MS F-ratio p-value 
All Zones 64 2 6.98 11.1 0.0001 
Zone 4 5 1 0.30 4.49 0.17 
Zone 5 21 2 0.03 0.16 0.85 
Zone 6 14 2 0.14 1.79 0.22 
Zone 8 12 1 0.19 0.38 0.55 
Zone 9 4 1 0.29 368.99 0.03 
Haemulon plumierii 
Type n df MS F-ratio p-value 
All Zones 36 1 0.00001 <0.00001 1.00 
Zone 6 18 1 0.15 1.05 0.32 
Zone 7 18 1 0.32 1.70 0.21 
Lagodon rhomboides 
Type n df MS F-ratio p-value 
All Zones 74 4 1.23 0.98 0.42 
Zone 4 9 2 0.81 1.03 0.42 
Zone 5 34 2 1.21 5.09 0.01 
Zone 6 14 2 0.82 1.51 0.27 
Zone 8 6 2 0.01 0.01 0.99 
Zone 10 7 1 0.00 0.00 0.96 
Lutjanus synagris 
Type n df MS F-ratio p-value 
All Zones 46 1 0.02 0.08 0.77 
Zone 4 39 1 0.06 0.54 0.47 
Orthopristis chrysoptera 
Type n df MS F-ratio p-value 
All Zones 24 1 0.31 0.42 0.51 
Zone 5 15 1 0.11 0.20 0.66 
Zone 8 6 1 0.15 0.77 0.45 
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Table E1 (Continued) ANCOVA results for δ15N and depth zone within NMFS zones by individual fish 
species. 
Rhomboplites aurorubens 
Type n df MS F-ratio p-value 
All Zones 24 1 0.001 0.02 0.89 
Zone 5 9 1 0.01 0.08 0.78 
Zone 6 6 1 0.002 0.03 0.87 
Saurida normani 
Type n df MS F-ratio p-value 
All Zones 21 1 0.35 1.25 0.28 
Zone 4 12 1 0.0004 0.01 0.92 
Stenotomus caprinus 
Type n df MS F-ratio p-value 
All Zones 26 4 0.17 0.60 0.66 
Zone 9 18 4 0.07 0.38 0.82 
Zone 10 5 2 0.01 0.09 0.92 
Syacium papillosum 
Type n df MS F-ratio p-value 
All Zones 172 4 4.02 2.35 0.06 
Zone 4 53 4 0.24 0.89 0.48 
Zone 5 20 2 8.23 2.23 0.14 
Zone 6 41 4 0.04 0.20 0.94 
Zone 7 11 3 0.04 0.36 0.79 
Zone 8 19 4 0.10 0.41 0.80 
Zone 10 25 4 0.07 0.45 0.77 
Synodus foetens 
Type n df MS F-ratio p-value 
All Zones 104 4 2.13 2.39 0.06 
Zone 5 21 2 0.67 2.77 0.09 
Zone 6 12 2 0.02 0.32 0.74 
Zone 7 15 2 0.14 1.34 0.30 
Zone 8 32 4 0.34 1.20 0.34 
Zone 9 6 1 0.04 0.53 0.52 
Zone 10 10 3 0.07 0.92 0.49 
Synodus intermedius 
Type n df MS F-ratio p-value 
All Zones 63 3 0.17 0.86 0.43 
Zone 4 24 3 0.10 5.31 0.01 
Zone 5 9 2 0.22 4.88 0.07 
Zone 6 21 3 0.23 1.71 0.20 
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Table E1 (Continued) ANCOVA results for δ15N and depth zone within NMFS zones by individual fish 
species. 
Trachinocephalus myops 
Type n df MS F-ratio p-value 
All Zones 39 3 0.01 0.03 0.99 
Zone 4 24 3 0.15 0.83 0.50 
Zone 6 12 3 0.07 1.06 0.42 
 
  
  
Figure E1. Multiple comparison plot for δ15N and depth zone for Calamus proridens within all NMFS zones 
(a), zone 5 (b), zone 6 (c), and zone 7 (d).  Central marker represents the mean and bars are 95% 
confidence intervals. 
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Figure E2. Multiple comparison plot for δ15N and depth zone for Centropristis ocyurus within all NMFS 
zones (a), zone 6 (b), zone 8 (c), and zone 10 (d).  Central marker represents the mean and bars are 95% 
confidence intervals. 
 
  
Figure E3. Multiple comparison plot for δ15N and depth zone for Decapterus punctatus within all NMFS 
zones (a) and zone 10 (b).  Central marker represents the mean and bars are 95% confidence intervals. 
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Figure E4. Multiple comparison plot for δ15N and depth zone for Diplectrum formosum within all NMFS 
zones (a), zone 4 (b), zone 5 (c), zone 6 (d), zone 7 (e), zone 8 (f).  Central marker represents the mean 
and bars are 95% confidence intervals. 
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Figure E5. Multiple comparison plot for δ15N and depth zone for Diplectrum formosum in NMFS zone 9.  
Central marker represents the mean and bars are 95% confidence intervals. 
 
  
  
Figure E6. Multiple comparison plot for δ15N and depth zone for Equetus lanceolatus within all NMFS zones 
(a), zone 4 (b), zone 5 (c), and zone 6 (d).  Central marker represents the mean and bars are 95% 
confidence intervals. 
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Figure E7. Multiple comparison plot for δ15N and depth zone for Haemulon aurolineatum within all NMFS 
zones (a), zone 4 (b), zone 5 (c), zone 6 (d), zone 8 (e), and zone 9 (f).  Central marker represents the 
mean and bars are 95% confidence intervals. 
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Figure E8. Multiple comparison plot for δ13C δ15N and depth zone for Haemulon plumierii within all NMFS 
zones (a), zone 6 (b), and zone 7 (c).  Central marker represents the mean and bars are 95% confidence 
intervals. 
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Figure E9. Multiple comparison plot for δ15N and depth zone for Lagodon rhomboides within all NMFS 
zones (a), zone 4 (b), zone 5 (c), zone 6 (d), zone 8 (e), and zone 10 (f).  Central marker represents the 
mean and bars are 95% confidence intervals. 
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Figure E10. Multiple comparison plot for δ15N and depth zone for Lutjanus synagris within all NMFS zones 
(a) and zone 4 (b).  Central marker represents the mean and bars are 95% confidence intervals. 
 
  
 
Figure E11. Multiple comparison plot for δ15N and depth zone for Orthopristis chrysoptera within all NMFS 
zones (a), zone 5 (b), and zone 8 (c).  Central marker represents the mean and bars are 95% confidence 
intervals. 
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Figure E12. Multiple comparison plot for δ15N and depth zone for Rhomboplites aurorubens within all NMFS 
zones (a), zone 5 (b), and zone 6 (c).  Central marker represents the mean and bars are 95% confidence 
intervals. 
 
  
Figure E13. Multiple comparison plot for δ15N and depth zone for Saurida normani within all NMFS zones 
(a) and zone 4 (b).  Central marker represents the mean and bars are 95% confidence intervals. 
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Figure E14. Multiple comparison plot for δ15N and depth zone for Stenotomus caprinus within all NMFS 
zones (a), zone 9 (b), and zone 10 (c).  Central marker represents the mean and bars are 95% confidence 
intervals. 
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Figure E15. Multiple comparison plot for δ15N and depth zone for Syacium papillosum within all NMFS 
zones (a), zone 4 (b), zone 5 (c), zone 6 (d), zone 7 (e), zone 8 (f).  Central marker represents the mean 
and bars are 95% confidence intervals. 
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Figure E16. Multiple comparison plot for δ15N and depth zone for Syacium papillosum within NMFS zone 
10.  Central marker represents the mean and bars are 95% confidence intervals. 
 
  
  
Figure E17. Multiple comparison plot for δ15N and depth zone for Synodus foetens within all NMFS zones 
(a), zone 5 (b), zone 6 (c), and zone 7 (d).  Central marker represents the mean and bars are 95% 
confidence intervals. 
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Figure E18. Multiple comparison plot for δ15N and depth zone for Synodus foetens within NMFS zone 8 
(a), zone 9 (b), and zone 10 (c).  Central marker represents the mean and bars are 95% confidence 
intervals. 
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Figure E19. Multiple comparison plot for δ15N and depth zone for Synodus intermedius within all NMFS 
zones (a), zone 4 (b), zone 5 (c), and zone 6 (d).  Central marker represents the mean and bars are 95% 
confidence intervals. 
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Figure E20. Multiple comparison plot for δ15N and depth zone for Trachinocephalus myops within all NMFS 
zones (a), zone 4 (b), and zone 6 (c).  Central marker represents the mean and bars are 95% confidence 
intervals. 
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Table E2. ANOVA results for δ15N and depth zone within NMFS zones by individual herbivore species. 
Lytechinus variegatus 
Type n df MS F-ratio p-value 
All Zones 36 1 1.55 1.00 0.32 
Zone 4 5 1 0.15 1.02 0.39 
Zone 5 11 1 0.001 0.002 0.97 
Zone 6 4 1 0.000 0.004 0.95 
Zone 7 12 1 0.12 0.11 0.75 
Zone 8 4 1 1.44 3.95 0.19 
Sponges 
Type n df MS F-ratio p-value 
All Zones 134 1 0.13 0.02 1.00 
Zone 4 38 3 4.32 0.56 0.64 
Zone 5 27 3 0.18 0.05 0.99 
Zone 6 42 3 0.78 0.17 0.92 
Zone 7 22 3 0.85 0.23 0.87 
Styela plicata 
All Zones 6 4 6.85 63.4 0.001 
Stylocidaris affinis 
All Zones 13 2 0.92 0.68 0.53 
Amusium papyraceum and Abracia punctulata 
All Zones Not Sufficient Number of Samples 
 
  
144 
 
   
   
  
Figure E21. Multiple comparison plot for δ15N and depth zone for Lytechinus variegatus within all NMFS 
zones (a), zone 4 (b), zone 5 (c), zone 6 (d), zone 7 (e), and zone 8 (f).  Central marker represents the 
mean and bars are 95% confidence intervals. 
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Figure E22. Multiple comparison plot for δ15N and depth zone for sponges within all NMFS zones (a), zone 
4 (b), zone 5 (c), zone 6 (d), and zone 7 (e).  Central marker represents the mean and bars are 95% 
confidence intervals. 
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